mmim  ltstnov  i    1923 


Digitized  by  the  Internet  Archive 

in  2011  with  funding  from 

University  of  Toronto 


http://www.archive.org/details/technologicpaper74unit 


u 
s 


1  -J  vjux     it]' 


e 


DEPARTMENT    OF    COMMERCE 


^^ 


Technologic  Papers 

OF  THE 

Bureau  of  Standards 

S.  W.  STRATTON.  Director 


No.   74^>k'ly 
INVESTIGATION  OF  CARTRIDGE-INCLOSED  FUSES 

REPORT  OF  THE  BUREAU  OF  STANDARDS  IN  THE  CASE 
OF  ECONOMY  FUSE  &  MANUFACTURING  CO.  v.  UNDER- 
WRITERS' LABORATORIES  (INC.),  CONCERNING  THE 
FIRE  AND  ACCIDENT  HAZARD  OF  THE  ECONOMY  RE- 
FILLABLE  FUSE  AS  COMPARED  WITH  APPROVED  FUSES 

BY  BOARD  OF  REFEREES: 

E.  B.  ROSA,  Chief  Physicist 

H.  B.  BROOKS,  Associate  Physicist 
BURTON  McCOLLUM,  Electrical  Engineer 
W.  J.  CANADA,  Electrical  Engmeer 
and 

F.  W.  GLADING,  Associate  Electrical  Engineer 

Bureau  of  Standards 


ISSUED  DECEMBER  1,  1916 


WASHINGTON 
GOVERNMENT  PRINTING  OFFICE 

1916 


T 
I 

no.  7it~2if 


PREFACE 


The  following  report  represents  the  results  of  the  investigation 
carried  out  by  the  Biureau  of  Standards  acting  as  referee  on  the 
joint  request  of  the  Economy  Fuse  &  Manufacturing  Co.  and 
Underwriters'  Laboratories  (Inc.)  on  the  question  of  the  relative 
fire  and  accident  hazard  of  Economj-  refiUable  fuses  and  fuses  at 
present  listed  as  standard  by  Underwriters'  Laboratories  (Inc.). 

The  evidence  on  which  the  decision  was  based  includes  a  large 
niimber  of  tests  of  fuses  tmder  widel}-  different  conditions,  as  well 
as  inspections  of  numerous  fuse  installations  in  practice,  personal 
interviews  with  many  fuse  users,  evidence  and  arguments  sub- 
mitted by  the  Economy  Fuse  &  ]\Ianufacturing  Co.  and  Under- 
writers' Laboratories  (Inc.),  both  at  a  public  hearing  and  by 
correspondence,  and  evidence  and  argum.ents  submitted  by  a 
number  of  manufacttu-ers  of  fuses  at  present  listed  as  standard  by 
UnderwTiters'  Laboratories  (Inc.). 

The  question  was  carefully  considered  in  its  various  aspects  by 
a  committee  of  technical  experts  of  the  Bureau  of  Standards  and 
has  been  decided  on  the  technical  questions  at  issue. 

S.  W.  Stratton, 

Director. 

Washington,  D.  C,  February  21,  1916. 
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I.  SUMMARY  OF  THE  INVESTIGATION  AND  FINDING 

INTRODUCTION 

There  exists  a  permanent  arrangement  between  the  Under- 
writers' Laboratories  (Inc.),  of  Chicago,  111.,  and  the  Biureau  of 
Standards  whereby  in  the  event  of  dispute  between  the  Under- 
writers' Laboratories  and  the  manufacturer  of  any  device  sub- 
mitted to  them  for  approval,  the  dispute  may,  with  the  consent  of 
both  parties,  be  submitted  to  the  Bureau  of  Standards  for  decision. 

In  accordance  with  this  arrangement  the  Underwriters'  Labora- 
tories and  the  Economy  Fuse  &  Manufactnring  Co.,  of  Chicago, 
111.,  jointly  appealed,  imder  date  of  May  17,  1915,  to  the  Bureau 
of  Standards  for  decision  on  the  following  question: 

Has  it  been  shown  tliat  the  use  of  the  fuses  manufactured  by  tlie 
Economy  Fuse  &"  Alanufacturing  Co.  results  in  no  greater  fire  or 
accident  hazard  than  the  use  of  other  cartridge-iticlosed  fuses  at 
present  listed  as  standard  by  Underwriters'  Laboratories  {Inc.)  ? 

SCOPE  OF  THE  INVESTIGATION 

1.  Time  Allowed  for  Submission  of  Evidence. — It  was  originally 
agreed  that  all  of  the  evidence  in  the  case  must  be  presented  not 
later  than  July  23,  191 5 — 15  days  after  the  formal  hearing  which 
was  to  be  held  at  the  B^jreau  on  July  8.  This  date  was  later 
changed  to  October  15,  at  the  formal  request  of  the  manufac- 
tirrers  of  approved  fuses,  in  order  that  they  might  have  more 
opportimity  to  secure  and  present  to  the  Btureau  of  Standards 
additional  evidence  bearing  on  the  case. 

2.  Character  of  Evidence  Obtained. — At  the  outset  of  the  investi- 
gation of  this  question  a  considerable  amount  of  evidence  was 
submitted  to  the  Btu-eau  by  both  the  LTnderwTiters'  Laboratories 
and  the  Economy  Fuse  &  Mantrfacturing  Co.     On  July  8,  191 5,  a 
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public  hearing  was  held  at  the  Bureau  of  Standards,  notices  of 
which  were  sent  out  under  date  of  June  10.  At  this  hearing  evi- 
dence and  arguments  were  presented  by  representatives  of  the 
Underwriters'  Laboratories,  the  Economy  Fuse  &  Manufacturing 
Co.,  and  by  a  number  of  companies  manufactturing  approved  car- 
tridge fuses. 

In  addition  to  the  evidence  presented  at  the  hearing  the  Bureau 
of  Standards  made  a  large  number  of  tests  of  inclosed  fuses,  some 
in  its  own  laboratories  and  others  at  large  power  plants  in  other 
cities.  A  majority  of  these  tests  were  made  in  accordance  with 
the  specifications  of  the  Underwriters'  Laboratories,  but  a  con- 
siderable number  were  made  imder  other  conditions  prescribed  by 
the  Bineau  or  suggested  by  fuse  manufacturers. 

The  chief  objects  of  these  tests  were  to  determine  the  relative 
performance  on  heavy  overloads  of  new  and  refilled  Economy 
fuses  and  approved  cartridge  fuses  as  supplied  by  manufacturers 
or  by  jobbers;  and  further,  to  determine  to  what  extent  the  per- 
formance of  such  fuses  might  be  deleteriously  affected  by  pro- 
tracted service  tmder  normal  conditions  in  the  customers'  cut-outs. 

A  great  deal  of  attention  has  also  been  given  to  the  question  of 
the  actual  use  of  Economy  and  of  approved  fuses,  and  the  experi- 
ence of  a  great  many  users  of  fuses  was  obtained  by  correspondence 
and  by  inspectors  of  the  Bineau  of  Standards,  who  personally 
visited  a  great  many  installations  where  fuses  of  approved  makes 
as  well  as  fuses  of  the  Economy  company  were  in  use.  Special 
attention  was  given  to  the  possibilities  of  the  dangerous  misuse 
and  the  extent  of  observed  misuse  both  of  Economy  fuses  and  of 
approved  types  of  inclosed  cartridge  fuses. 

PRELIMINARY  EVIDENCE  SUBMITTED  BY  THE  UNDERWRITERS' 
LABORATORIES 

The  preliminary  evidence  submitted  by  the  Underwriters'  Lab- 
oratories prior  to  the  hearing  indicated  a  fairly  satisfactory  test 
performance  of  new  Economy  fuses,  although  a  large  proportion 
of  the  tests  reported  on  were  made  with  earlier  types  of  the  Econ- 
omy fuse,  which  differed  radically  from  the  fuse  at  present  in  use. 
In  general,  the  Economy  fuse  opened  the  circuit  more  promptly 
on  a  moderate  overload  than  most  of  the  approved  fuses,  and  the 
evidence  submitted  by  the  Underwriters'  Laboratories  indicated 
that  the  performance  of  the  250-voltfuses  on  short-circmt  tests  was 
satisfactory,  although  certain  of  the  6oo-volt  type  were  reported  as 
having  failed .   It  appeared ,  therefore,  that  the  reason  why  the  Under- 
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writers'  Laboratories  withheld  approval  of  the  2  50- volt  Economy 
fuses  was  because  this  fuse  is  designed  to  be  readily  refilled  by  the 
user,  and  it  has  been  consistently  held  by  the  electrical  committee 
of  the  National  Fire  Protection  Association  that  fuses  of  this 
character  should  not  be  approved,  because  of  the  greater  proba- 
biUty  of  misuse  of  such  fuses  in  serv'ice  than  of  fuses  that  are  diffi- 
cult to  refill  by  the  user. 

PRELIMINARY  EVIDENCE  SUBMITTED  BY  THE  ECONOMY  FUSE  &  MANU- 
FACTURING CO. 

The  evidence  submitted  by  the  Economy  Fuse  &  Manufactm*- 
ing  Co.  prior  to  the  formal  hearing  in  Washington  consisted  in 
large  part  of  the  opinions  of  users  of  fuses  and  of  inspectors  who 
have  had  considerable  knowledge  of  the  use  of  Economy  fuses. 
The  opinions  of  users  of  fuses  were  obtained  chiefly  by  the  medium 
of  circular  letters  sent  out  by  the  Economy  Fuse  &  Manufacturing 
Co.  requesting  answers  to  stated  questions. 

There  were  also  submitted  by  the  Economy  Fuse  &  Manufac- 
turing Co.  samples  of  various  makes  of  approved  fuses,  for  the 
purpose  of  demonstrating  the  ease  with  which  such  fuses  could 
be  refilled  by  the  user,  notwithstanding  the  fact  that  they  are 
intended  not  to  be  so  used.  A  number  of  affidavits  by  promi- 
nent inspectors  expressing  opinions  favorable  to  the  Economy  fuse 
were  also  submitted. 

The  general  trend  of  all  of  the  testimony  submitted  in  advance 
by  the  Economy  Fuse  &  Manufacturing  Co.  appeared  to  be  decid- 
edly favorable  to  the  Economy  fuse,  although  even  among  regular 
users  of  these  fuses  the  experience  was  not  imiformly  satisfactory. 
In  interpreting  this  favorable  testimony,  however,  it  should  be 
borne  in  mind  that  it  can  not  be  accepted  without  reserve  as 
exemplifying  the  experience  or  opinions  of  all  users  of  fuses.  The 
mere  fact  that  these  companies  are  using  Economy  fuses  is  suffi- 
cient to  place  them  in  a  select  class,  which  might  very  natiurally 
be  expected  to  express  favorable  opinions  regarding  the  use  of 
these  fuses.  Hence,  before  these  opinions  can  be  accepted  as 
reflecting  the  general  trend  of  opinion  among  fuse  users  it  is  nec- 
essary to  take  into  account  the  fact  that  many  users  may  have  at 
one  time  or  another  considered  the  use  of  Economy  fuses,  but 
refrained  from  using  them  for  reasons  which  they  deemed  suf- 
ficient and  which  it  would  be  impossible  to  get  into  the  record  of 
the  present  case.  Furthermore,  firms  using  fuses  not  listed  as 
standard  in  insured  properties  would  ver\'  naturally  be  reluctant 
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to  give  any  evidence  tending  to  show  that  they  were  incurring 
an  appreciable  hazard  in  so  doing,  even  though  events  may  have 
occurred  which  would  lead  the  users  themselves  to  expect  a  pos- 
sible increase  in  the  hazard.  We  must  therefore  consider  the  pos- 
sibility that  in  certain  cases  the  statements  may  not  accurately 
reflect  the  opinions  of  the  users  themselves.  In  certain  cases,  too, 
the  evidence  submitted  does  not  bear  out  the  expressed  opinion 
that  the  pei'formance  of  the  fuses  in  service  has  been  satisfactory. 

Specimens  of  approved  fuses  submitted  to  the  Bureau  by  the 
Economy  Fuse  &  Manufacturing  Co.  and  others  show  quite  clearly 
that  many  such  fuses  can  readily  be  refilled  by  the  users,  and  that 
refilling  both  with  the  proper  fuse  elements  and  with  improper 
elements  is  actually  done  to  a  considerable  extent  has  been  clearly 
shown  by  the  investigations  made  by  the  inspectors  of  the 
Bureau  of  Standards. 

The  letters  from  inspection  departments  and  affidavits  from 
inspectors  presented  by  the  Economy  Fuse  &  Mamafacturing  Co. 
are  all  very  favorable  to  the  use  of  Economy  fuses,  and  on  their  face 
would  appear  to  convey  beyond  question  the  idea  that  the  authors 
of  the  statements  are  convinced  that  not  only  have  Economy 
fuses  proved  satisfactory  in  use  up  to  the  present  time,  but  that 
there  is  no  reason  why  they  should  not  be  formally  approved  by 
the  Underwriters. 

HEARING  AT  THE  BUREAU  OF  STANDARDS 

At  the  formal  hearing  held  at  the  Bureau  of  Standards  on 
July  8,  1 91 5,  the  Economy  Fuse  &  Manufactiuing  Co.  again 
presented  in  brief  form  the  evidence  it  had  already  submitted  in 
advance.  A  representative  of  the  Undenvriters'  Laboratories 
presented  an  argument  on  behalf  6f  the  Laboratories,  in  which  was 
set  forth  briefly  the  history  of  the  development  of  the  Economy 
fuse,  and  it  was  pointed  out  that  several  radical  changes  had  been 
made  in  its  construction  since  its  advent  three  years  ago.  In 
this  argument  it  was  admitted  that  a  good  deal  of  favorable 
experience  has  been  had  with  Economy  fuses,  but  it  was  shown 
that  the  greater  part  of  the  experience  read  into  the  record  had 
been  gained  with  the  older  type  of  fuse  which  contained  powdered 
filler  and  could  not,  therefore,  be  held  to  apply  to  the  type  of  fuse 
at  present  being  manufactiu-ed  by  the  Economy  Fuse  &  Manu- 
facturing Co.  No  attempt  was  made  to  show  that  the  fuse  at 
present  made  was  not  a  good  fuse,  but  it  was  contended  that  the 
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present  form  of  fuse,  which  had  been  in  use  only  a  few  months, 
had  not  yet  afforded  sufficient  service  experience  to  prove  whether 
its  use  would,  with  lapse  of  time  and  increase  in  numbers,  result 
in  an  increase  of  the  hazard  which  is  incident  to  the  use  of  approved 
fuses.  Various  representatives  of  manufactiu'ers  of  approved 
fuses  set  forth  at  some  length  the  dangers  which  they  held  would 
be  likely  to  result  from  improper  use  of  refillable  fuses  ia  practice, 
and  took  the  position  that  not  only  Economy  fuses  but  all  fuses 
designed  to  be  refilled  by  the  user  shotild  not  be  approved  by  the 
Underwriters'  Laboratories. 

RESULTS  OF  THE  TESTS  ON  FUSES 

Three  extended  series  of  fuse  tests  were  carried  out  by  the 
Biu-eau  of  Standards  under  short-circuit  conditions  of  widely 
varying  degrees  of  severity.  The  first  of  these  series  of  tests  was 
made  at  the  laboratories  of  the  Biureau  of  Standards,  the  second 
was  made  at  one  of  the  power  plants  of  the  Boston  Edison  Co.  in 
Boston,  and  the  third  was  made  in  a  plant  of  the  Commonwealth 
Edison  Co.  ia  Chicago.  In  these  tests  the  performance  of  the 
Economy  fuse  was  comoared  wdth  that  of  six  makes  of  approved 
cartridge  fuses. 

I.  Interpretation  of  Results  of  Tests. — In  these  tests  the  per- 
formance of  the  fuses  was  judged  by  the  proportion  of  failures  in  a 
given  nmnber  of  each  type  tested  and  also  by  the  character  of  the 
failure  that  occurred.  In  interpreting  the  results  of  these  tests  six 
types  of  fuse  failine  were  recognized,  as  follows:  (a)  Ruptm^e  of 
fiber  cartridge,  (6)  blowing  off  of  cap  or  blowing  out  of  end,  (c) 
mechanical  injtuy  to  cut-out,  (d)  ignition  of  cotton  placed  around 
the  fuse,  (e)  holding  of  the  arc  for  an  appreciable  length  of  time, 
and  if)  remaking  of  the  circuit  after  it  had  once  been  opened  by  the 
fuse.  Such  phenomena  as  loud  report,  failine  to  indicate,  excessive 
scattering  of  filler,  movement  of  caps,  and  scorching  of  cotton, 
while  recognized  as  objectionable,  have  not  been  regarded  as 
evidences  of  failm-e  in  the  performance  of  the  fuses.  A  very 
violent  report,  however,  has  been  considered  as  a  serious  objection 
because  of  the  possibilities  of  panics  following  such  violent  opera- 
tion of  the  fuses.  It  is  also  recognized  that  certain  of  the  types  of 
failm^es  listed  above  are  much  more  serious  than  others,  and  due 
consideration  has  been  given  to  this  point  in  judging  the  relative 
performance  of  the  fuses.  The  energy  consumption  of  the  fuses 
when  blowing  was  measured  by  means  of  a  watt-meter  used 
balhstically. 
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2.  Tests  at  the  Bureau  of  Standards. — ^The  first  series  of  tests 
was  made  in  the  laboratories  of  the  Bureau  of  Standards  under 
very  mild  short-circuit  conditions.  The  limiting  current  in  these 
tests  was  from  400  to  800  amperes,  and  the  fuses  tested  under 
these  conditions  were  all  in  the  cartridge  of  the  30-ampere  2  50- volt 
dimensions. 

In  general,  the  results  of  the  tests  under  these  very  mild  short- 
circuit  conditions  were  favorable  to  the  Economy  fuse,  except 
where  relatively  high  inductance  existed  in  the  circuit.  It  was 
foimd  tliat  the  energy  consumption  of  the  Economy  fuses  was, 
in  general,  much  smaller  than  that  of  approved  fuses,  indicating 
a  quicker  operation,  which  was  later  verified  by  means  of  oscil- 
lograms. This  quicker  operation  is  in  some  respects  an  advantage 
and  in  other  respects  a  disadvantage.  Because  of  the  shorter 
duration  of  the  flash  it  reduces  the  HabiHty  of  serious  biuns  to 
persons  who  may  accidentally  make  short  circuit  with  tools  or 
other  metalhc  objects.  It  also,  for  the  same  reason,  reduces  the 
fiire  hazard  at  the  point  of  short  circuit.  The  quicker  operation 
is,  however,  accompanied  by  a  higher  electromotive  force  of  self- 
induction,  which  often  gives  a  voltage  across  the  line  of  two  or  three 
times  the  normal  voltage,  thereby  introducing  a  danger  of  break- 
down of  insulation  with  the  accompan)dng  possibility  of  short- 
circuit  back  of  the  fuse  cut-out,  which  may  introduce  hazards 
that  will,  in  large  measure  at  least,  offset  the  benefits  of  quick 
operation.  On  highly  inductive  circuits,  however,  on  which  the 
ratio  of  the  60-cycle  reactance  to  the  resistance  was  between  3  and 
5  to  I,  the  performance  of  the  Economy  fuses  was  quite  unsatis- 
factory, even  on  these  small  limiting  currents,  a  considerable 
proportion  of  the  cartridges  being  exploded  on  the  test.  In  the 
case  of  direct-current  circuits,  in  which  motors  and  magnet  coils 
and  similar  inductive  apparatus  are  used,  and  also  in  case  of 
supply  lines  run  in  separate  iron  conduits,  as  is  sometimes  done, 
these  high  inductances  might  often  be  encountered  in  practice,  so 
that  the  failmes  of  the  Economy  fuses  on  these  mild  short-circtiit 
tests  might  very  reasonably  be  taken  as  a  significant  index  to 
their  performance  in  many  cases  imder  service  conditions. 

3.  Boston  Fuse  Tests. — The  second  series  of  tests  made  by  the 
Bureau  of  Standards  was  carried  out  at  one  of  the  power  plants  of 
the  Boston  Edison  Co.,  these  tests  being  made  on  2 50- volt  fuses. 
In  these  tests  the  performance  of  the  Economy  fuses  was  compared 
with  that  of  six  different  makes  of  approved  inclosed-cartridge 
fuses. 
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4.  Circuit  Conditions  During  Tests. — These  tests  were  made 
under  three  different  cu-cuit  conditions,  in  the  first  two  of  which 
the  hmiting  current  was  about  10  000  amperes,  the  difference 
being  that  under  the  first  circuit  condition  the  inductance  of  the 
circuit  was  0.186  miUiheniy,  whereas  in  tlie  second  circuit  con- 
dition it  was  reduced  to  a  minimiun  value  by  placing  the  leads 
as  close  together  as  practicable,  the  inductance  in  this  case  being 
o.  1 1  millihenr\'.  In  the  third  circuit  condition  the  Umiting 
current  was  reduced  to  about  5500  amperes,  ha\TJig  an  inductance 
of  0.166  miUihenrj-. 

Under  both  the  first  and  second  circuit  conditions  the  per- 
formance of  the  Economy  fuses  in  the  knife-blade  types  was  in 
all  cases  inferior  to  that  of  the  approved  fuses.  In  the  ferrule 
t3'pe  the  Economy  fuses  were  inferior  to  five  of  the  approved 
makes  of  fuses,  but  defiiiiteh'  superior  to  one  of  the  six  makes. 

Under  the  third  circuit  condition,  in  which  tlie  limiting  current 
was  reduced  to  about  5500  amperes,  all  fuses,  including  the 
Economy,  behaved  in  a  satisfactory^  manner,  except  that  in  a  few 
cases  the  blowing  of  one  of  the  approved  makes  of  fuses  was 
accompanied  by  rather  loud  reports. 

The  tests  referred  to  above  were  aU  made  with  a  single  fuse  on 
a  250-volt  circuit,  according  to  the  conditions  prescribed  by  the 
Underwriters'  Laboratories.  A  series  of  tests  was  also  made  in 
which  two  fuses  were  placed  in  series  on  250-volt  circuits,  the 
limiting  current  being  10  000  amperes.  In  this  series  all  fuses, 
including  the  Economy  fuse,  behaved  in  a  satisfactory^  manner. 

5.  Chicago  Fuse  Tests. — The  third  series  of  fuse  tests  was  made 
at  one  of  the  plants  of  the  Commonwealth  Edison  Co. ,  of  Chicago. 
These  tests  were  for  the  most  part  made  on  600- volt  fuses  with  only 
a  single  fuse  in  the  circuit.  Two  separate  circuit  conditions 
were  used,  in  the  first  of  which  the  resistance  in  the  circuit  varied 
considerably  because  of  the  high  initial  internal  resistance  of  the 
battery,  which  gradually  fell  oft"  as  the  test  proceeded.  In  this 
series  tlie  limiting  current  varied  from  about  10  000  amperes 
in  the  beginning  to  approximately  18  000  amperes  at  the  end, 
the  circuit  inductance  being  0.224  milUhenr}-.  The  resistance 
of  the  circuit  was  then  readjusted  to  give  a  limiting  current  of 
10  000  amperes,  and  it  remained  fairly  constant  throughout  the 
second  series  of  tests. 

This  changed  the  inductance  to  0.305  millihenry-.  In  both 
these  series  of  tests  the  performance  of  Economy  fuses  in  the  knife- 
blade  type  in  general  proved  inferior  to  that  of  all  of  the  approved 
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fuses  judged  on  the  relative  percentage  of  failures.  However, 
one  type  of  approved  fuse  gave  rise  to  three  cases  of  what  was 
considered  to  be  the  most  serious  type  of  failure,  namely,  the 
remaking  and  sustaining  of  the  circuit  after  it  had  first  been 
opened  by  the  fuse.  This  type  of  failure  did  not  occur  in  the 
Economy  fuse,  although  the  oscillograms  showed  that  in  a  few 
cases  there  was  a  remaking  of  the  circuit  for  a  few  thousandths 
of  a  second  and  in  one  case  for  a  few  tenths  of  a  second. 

In  the  ferrule  types  tested  in  these  two  series  there  was  not 
much  choice  between  the  Economy  fuse  and  several  makes  of 
approved  fuses,  although  three  types  of  approved  fuses  were 
distinctly  superior  to  the  Economy  fuse.  In  the  60-ampere  size 
the  Economy  fuse  behaved  much  worse  than  any  others,  while  in 
the  30-ampere  size  it  was  distinctly  superior  to  several  makes  of 
approved  fuses  and  the  equal  for  any  tested. 

6.  Tests  on  "Aged"  Fuses. — A  number  of  short-circuit  tests 
were  made  on  fuses  that  had  carried  their  rated  current  for  a  con- 
siderable time,  and  these  tests  gave  somewhat  conflicting  results. 
A  considerable  number  of  both  Economy  and  D.  &  W.  fuses  were 
tested  that  had  been  submitted  by  the  D.  &  W.  Fuse  Co.  which 
were  stated  to  have  carried  their  rated  current  for  periods  ranging 
from  1 7  to  50  hom-s.  The  Economy  fuses  supplied  by  the  D.  &  W. 
Co.  gave  a  very  bad  performance  and  showed  marked  evidence  of 
charring  and  weakening  of  the  fiber,  whereas  the  D.  &  W.  fuses 
showed  no  deterioration.  Economy  fuses  subjected  by  the  Biu-eau 
of  Standards  to  their  rated  current  for  a  period  of  from  95  to  100, 
honrs  showed,  however,  no  appreciable  evidence  of  deterioration 
in  the  30-ampere  size.  With  the  60-ampere  size  the  performance 
of  these  fuses  was  much  worse  than  in  the  new  fuses,  but  the 
deterioration  was  by  no  means  as  great  as  in  the  case  of  the  fuses 
supplied  by  the  D.  &  W.  Co.  The  difference  in  results  was  due  no 
doubt,  in  part  at  least,  to  the  difference  in  the  grade  of  the  fiber 
used  in  the  manufactiu-e  of  the  fuses.  Four  200-ampere  Economy 
fuses  were  tested  after  having  been  aged  on  rated  current  for  51 
hours  at  the  Bureau  of  Standards,  and  two  of  these  exploded 
violently.  These  were  the  only  failures  of  the  250-volt  Economy 
fuses  in  the  200-ampere  size.  These  results  indicate  that  the 
tendency  for  Economy  fuses  to  deteriorate  while  carrying  their 
rated  cturent  is  much  greater  in  the  larger  sizes  than  in  the  smaller, 
as  would  be  expected  because  of  the  greater  heat  developed,  and 
the  deterioration  is  markedly  greater  than  in  the  case  of  fuses 
using  powdered  filler  with  which  they  were  comoared-     Measure- 


14  Technologic  Papers  of  the  Bureau  of  Standards 

ment  of  temperatiire  of  the  fiber  cartridge  of  various  makes  of 
fuses  while  carrying  their  rated  current  showed  that  the  Economy 
fuses  operate  at  a  considerably  higher  temperature  than  the  fuses 
containing  powdered  filler,  and  this  is  no  doubt  largely  responsible 
for  the  deterioration  observed. 

7.  Voltage  of  Fuse  Tests. — The  majority  of  the  foregoing  tests 
were  made  in  accordance  with  the  best  conditions  specified  by  the 
Underwriters'  Laboratories.  These  require  that  fuses  shall  be 
tested  singly  on  the  full  voltage  for  which  they  are  rated,  whereas 
in  actual  practice  almost  all  fuses  operate  with  two  in  series  on 
short  circuit.  It  is  extremely  rare  in  practice  that  a  single  fuse  is 
short-circuited,  except  on  Edison  three-wire  systems,  or  on  3-wire 
single-phase  circuits,  and  in  such  cases  only  half  the  voltage  is 
impressed  on  the  one  fuse.  In  this  respect,  therefore,  the  test 
conditions  are  much  more  severe  than  the  voltage  conditions  that 
would  usually  prevail  in  practice,  and  in  the  above  experiments  ia 
which  two  fuses  were  blown  in  series  on  the  rated  voltage  of  the 
fuses,  the  operation  of  Economy  fuses  was  entirely  satisfactory, 
though  the  limiting  current  was  10  000  amperes,  as  called  for  by 
the  Underwriters'  specifications.  It  is  also  a  fact  that  the  great 
majority  of  fuses  in  service  are  not  called  upon  to  open  a  severe 
short  circuit,  there  being  usually  a  considerable  amoimt  of  resist- 
ance in  the  circuit  which  makes  the  operation  of  the  fuse  much 
more  certain  and  reliable. 

8.  Possible  Short-Circuit  Currents  in  Practice. — ^We  have  made 
special  investigations  to  determine  the  probability  of  obtaining 
imder  service  conditions  short-circuit  cvurents  of  the  magnitude 
specified  by  the  Underwrriters'  Laboratories,  and  these  tests  show 
that  if  the  short  circuit  should  occur  near  the  cut-out,  currents  of 
10  000  amperes  or  greater  may  very  frequently  be  obtained  within 
a  considerable  territory  near  a  large  modem  power  plant.  In 
particular,  in  one  large  city  a  considerable  nvunber  of  regulation 
tests  were  made  at  places  selected  at  random  in  the  Edison  three- 
wire  district.  Calculations  from  these  regulation  test  data  showed 
that  at  nearly  all  points  tested  the  short-circuit  cmrents  would 
exceed  10  000  amperes  and  in  some  cases  values  as  high  as  90  000 
to  100  000  amperes  were  obtained.  It  is  evident,  therefore,  that 
it  is  possible  to  obtain  in  practice  short-circuit  conditions  much 
more  severe  than  those  imposed  in  the  Underwriters'  specifications; 
although  such  large  currents  would  undoubtedly  be  very  mmsual, 
since  short  circuits  do  not  as  a  rule  occiur  at  the  cut-out. 
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9.  Effect  of  Indtictance  on  Fuse  Performance. — Experiments 
show  that  even  where  comparatively  small  Short-circuit  currents 
are  used  amounting  to  only  a  few  hundred  amperes,  if  there  be  a 
high  inductance  in  the  circuit  such  as  might  frequently  be  en- 
countered, the  performance  of  fuses  may  be  expected  to  be  very 
bad.  As  a  matter  of  fact  it  is  om:  understanding  that  the  speci- 
fications of  the  Underwriters  are  designed  not  so  much  to  represent 
actual  extreme  conditions  to  which  fuses  may  be  subjected  in 
practice,  but  rather  to  represent  the  present  state  of  development 
of  the  art  of  fuse  manufacture,  it  having  been  shown  that  it  is 
entirely  practicable  to  meet  these  requirements  without  imposing 
any  undue  hardship  on  the  fuse  manufactmrers,  although  the  cost 
of  maintaining  this  standard  has  not  infrequently  been  complained 
of  by  fuse  users. 

10.  Comparative  Results  of  Fuse  Tests. — A  careful  examination 
of  the  records  of  the  tests  above  referred  to  shows  that  in  general 
the  performance  of  Economy  fuses  mider  the  test  conditions  pre- 
scribed by  the  Underwriters'  Laboratories  was  decidedly  inferior 
to  that  of  the  majority  of  the  makes  of  approved  fuses  with  which 
they  were  compared.  There  was  one  notable  exception,  however, 
there  being  one  make  of  approved  fuse  which  in  the  ferrule  type 
proved  quite  imiformly  less  satisfactory  imder  test  than  the  Econ- 
omy fuse,  and  was  but  little  better  than  the  Economy  fuse  in  most 
of  the  knife-blade  sizes.  The  performance  of  the  fuse  of  this  make, 
however,  was  decidedly  below  the  limit  set  by  the  Underwriters' 
Eaboratories,  a  condition  which  may  at  times  develop  in  any  de- 
vice which  has  been  once  approved.  When  such  a  condition  is 
foimd  to  have  developed,  however,  it  is  the  practice  of  the  Under- 
writers' Laboratories  to  demand  that  the  device  be  brought  up  to 
standard  on  penalty  of  withdrawing  approval  if  this  is  not  done 
within  a  reasonable  time.  We  imderstand  that  any  new  line  of 
fuses  performing  as  these  fuses  perform  would  not  be  approved  by 
the  Underwriters'  Laboratories,  and  if  such  a  performance  should 
persist  for  a  considerable  time  in  any  approved  line  of  fuses  the 
approval  would  be  withdrawn.  Further,  the  tests  show  that 
Economy  fuses  in  service  tend  to  deteriorate  more  rapidly  than 
fuses  using  powdered  filler,  sothatthecomparisonof  old  fuses  would 
probably  be  still  less  favorable  to  the  Economy  fuse.  This  is  more 
important  in  refillable  fuses  than  in  nonrefillable  fuses  because 
the  former  are  likely  to  be  kept  in  the  customers  cut-outs  for  a 
longer  time.  It  follows,  therefore,  that  if  Economy  fuses  were  to 
to  be  approved,  in  view  of  their  performance  tmder  these  tests,  the 
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result  would  be  a  distinct  lowering  of  the  standard  of  fuse  per- 
formance as  shown  by  short-circuit  tests. 

The  tests  described  above ,  however,  show  quite  clearly  that  it  is  en- 
tirely practicable  from  a  manufacturing  standpoint  to  manufacture 
fuses  that  will  give  very  satisfactorj-  performance  tmder  the  tests 
imposed  by  the  Underwriters'  Laboratories,  so  that  before  chang- 
ing the  test  requirements  so  as  to  lower  the  standard  of  fuse  per- 
formance we  should  be  definitely  assured  that  on  the  one  hand  no 
serious  hazard  would  result  from  so  doing,  or  that  any  hazard 
which  might  be  introduced  would  be  fully  justified  by  compen- 
sating advantages.  The  compensating  advantages  alleged  for 
the  Economy  fuse  are  two  in  ntunber,  namely,  (i)  that  they  re- 
duce the  cost  of  fuse  maintenanc"  to  the  user;  and  (2)  that  the 
ease  with  which  the}'  can  be  refilled  by  the  user  will  in  large 
measm-e  reduce  the  tendency  to  dangerous  misuse  in  comparison 
with  nonrefillable  fuses.  Data  bearing  on  these  questions  have 
been  obtained  by  the  Bmreau  of  Standards  in  its  investigations  of 
the  use  of  Economy  fuses. 

INVESTIGATIONS  REGARDING  THE  USE  OF  ECONOMY  FUSES 

I.  Abuse  of  Approved  Ftises. — The  investigations  made  by  the 
Bm-eau  of  Standards  regarding  the  use  of  both  Economy  fuses  and 
approved  cartridge  fuses  have  established  several  important  facts. 
The  first  is  that  there  is  in  many  places  a  certain  amount  of  abuse 
of  approved  fuses.  This  may  take  a  great  variety  of  forms,  many 
of  which  make  it  absolutely  impossible  for  the  fuse  to  perform  its 
proper  ftmction,  thereby  introducing  a  serious  fire  or  accident 
hazard  either  by  lack  of  protection  for  circuits  and  apparatus  or  by 
danger  from  the  operation  of  the  fuse  itself. 

The  chief  form  of  abuse  of  approved  fuses  appears  to  be  the 
practice  of  bridging  the  fuse  on  the  outside  with  heavy  fuse  wne, 
copper,  or  iron  wire,  or  putting  a  nail  or  wire  through  the  center 
of  the  fuse  cartridge.  Occasional  forms  of  abuse  met  with  consist 
of  taking  out  the  filler  and  pouring  the  fuse  cartridge  full  of  melted 
solder  or  placing  a  bolt  through  the  cartridge.  Some  of  these  are 
extremely  difficult  to  detect  on  superficial  examination.  In  cer- 
tain localities  the  tendenc}'  to  abuse  approved  inclosed  cartridge 
fuses,  as  above  indicated,  is  surprisingly  great.  On  one  inspection 
trip  made  by  one  of  the  engineers  of  the  Btureau  of  Standards  one 
out  of  seven  of  all  the  approved  inclosed  fuses  examined  (379  in 
all)  was  found  to  be  improperly  refilled.  In  other  inspection  trips 
the  tendency  to  abuse  such  fuses  was  foimd  to  be  relatively  small. 
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The  evidence  obtained  also  shows  that  there  is  a  large  amount 
of  refilling  of  approved  fuses  by  small  shops  which  make  this  a  regu- 
lar business.  The  manufacturers  advertise  that  such  fuses  can  be 
refilled  and  offer  to  do  it  for  the  users,  but  this  often  is  not  very 
convenient,  it  being  much  easier  to  have  the  work  done  by  some 
local  mechanic,  especially  when  a  small  stock  of  fuses  is  carried. 
When  fuses  are  refilled  this  way  in  small  shops  there  is  no  assur- 
ance that  they  will  be  properly  refilled  and  we  have  learned  in 
some  cases  that  they  are  as  badly  abused  in  refilling  as  when  the 
users  refill  them  themselves  with  improper  fuse  links  or  improper 
wire. 

Subsequent  to  the  formal  hearing  at  Washington  the  manufac- 
turers of  approved  fuses  presented  to  the  Bureau  of  Standards  a 
number  of  samples  of  Economy  fuses  taken  from  service  which 
showed  evidences  of  charring  of  the  fiber  cartridge  as  well  as  other 
evidences  of  defective  performance  imder  practical  conditions. 
That  this  is  not  peculiar  to  the  Economy  fuse,  however,  is  evi- 
denced by  the  fact  that  inspectors  of  the  Bureau  of  Standards 
have  also  encountered  similar  defects  in  specimens  of  approved 
cartridge  fuses,  although  the  evidence  tends  to  indicate  that  the 
tendency  for  charring  of  the  cartridges  in  use  is  greater  in  the 
Economy  fuse  than  in  the  approved  fuses. 

2.  Abuse  of  Economy  Fuses. — The  evidence  that  has  been  ob- 
tained shows  quite  clearly  that  there  is  also  some  abuse  of  Econ- 
omy fuses  in  service,  which  abuse  may  also  take  a  variety  of  forms, 
such  as  refilling  with  a  number  of  fuse  elements,  or  refilling  with 
copper,  aluminum,  or  other  metal  strips  or  wire.  The  evidence, 
however,  indicates  that  up  to  the  present  time  there  has  been 
relatively  less  of  this  form  of  abuse  in  the  case  of  the  Economy 
fuse  in  proportion  to  the  number  used  than  in  the  case  of  standard 
inclosed  fuses,  due  largely  no  doubt  to  the  relative  ease  with  which 
Economy  fuses  can  be  refilled  with  the  proper  element.  It  would 
appear,  therefore,  that  although  Economy  fuses  may  themselves 
introduce  certain  hazards  not  occurring  with  approved  fuses, 
they  at  the  same  time  tend  to  reduce  one  of  the  chief  sources  of 
danger  connected  with  the  use  of  the  latter,  which  in  a  measure  at 
least  compensates  for  any  hazard  which  may  be  peculiar  to  the 
Economy  fuse  and  possibly  is  more  than  a  fair  equivalent  for 
such  hazards. 

3.  Experience  with  Economy  Fuses  in  Practice. — Experience 
available  up  to  the  present  time  shows  that  while  there  have  been 
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numerous  cases  where  individual  Economy  fuses  have  failed  in 
various  ways  to  perform  their  functions,  there  is,  nevertheless,  no 
evidence  available  indicating  that  the  fires  or  accidents  resulting 
from  such  failures  exceed  those  which  would  have  occiured  with 
approved  fuses,  so  that  it  can  not  be  contended,  except  by  infer- 
ence, that  the  use  of  Economy  fuses  up  to  the  present  time  has 
actually  increased  the  fire  or  accident  hazard. 

The  testimony  of  users  of  Economy  fuses  indicates  that  expe- 
rience up  to  the  present  time  has  been  in  the  main  favorable  to 
the  Economy  fuse,  but  this  should  not  be  adopted  without  reserve 
as  indicating  the  wisdom  of  approving  this  type  of  fuse  for  general 
use.  There  are  several  reasons  for  this.  First,  most  of  the 
experience  to  date  has  been  with  a  type  of  fuse  which  differed  in 
several  respects  from  the  tjT^e  now  being  sold.  One  very  impor- 
tant change  has  been  the  abandonment  of  the  use  of  powdered 
filler,  the  use  of  which  unquestionably  gives  better  performance 
than  is  obtained  with  the  present  type  of  unfilled  fuse.  A  second 
consideration  is  that  the  experience  available  up  to  the  present 
time  is  for  the  most  part  in  connection  with  installations  in  which 
the  fuses  have  been  used  under  the  supervision  of  a  competent 
electrician,  and  in  a  large  proportion  of  the  cases  also  the  fuses 
have  been  used  in  closed  cabinets,  which  would  practically  elim- 
inate fire  or  accident  hazards  that  might  otherwise  be  involved  in 
their  use.  A  third  element  involves  the  fact  that  favorable  testi- 
mony may  often  be  due  to  lack  of  appreciation  of  what  constitutes 
satisfactory  fuse  performance.  Some  users  of  Economy  fuses 
report  to  the  Bureau  of  Standards  that  their  experience  with 
these  fuses  has  been  very  satisfactory,  but  their  statements  also 
show  that  a  considerable  number  of  their  fuses  exploded  the  car- 
tridges on  blowing.  Such  fuse  performance  can  of  coirrse  not  be 
regarded  as  satisfactor}^  under  the  standards  laid  down  by  the 
Underwriters'  Laboratories,  nor  from  general  considerations  of 
safety.  It  is  evident,  therefore,  that  the  mere  statement  by  a 
user  that  his  experience  with  Economy  fuses  has  been  satisfactory 
should  not  be  given  too  much  weight  until  all  the  details  of  the 
fuse  performance  in  his  installation  have  been  determined. 

CONCLUSION 

It  appears  from  the  foregoing  resume  of  the  Biu-eau's  investi- 
gation that  the  Economy  fuse,  when  new  and  properly  filled  or 
refilled,  operates  satisfactorily  under  the  most  common  working 
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conditions  of  overload  and  moderate  short  circuits  when  in  cir- 
cuits with  low  inductance,  and  possesses  some  marked  advan- 
tages over  the  approved  fuses  with  which  it  has  been  compared. 
This  fuse  is,  however,  distinctly  inferior  to  most  of  these  approved 
fuses  under  severe  short-circuit  conditions.  It  has  not  yet  been 
established  that  it  will  not  introduce  hazards  peculiar  to  refillable 
fuses,  owing  to  deterioration  from  repeated  blowing  of  the  fuse 
elements  in  the  same  casing  and  possibly  from  long-continued 
subjection  of  the  fuse  to  the  working  current.  The  approval  of 
the  present  type  of  Economy  fuse  for  unrestricted  use  would 
therefore  result  in  a  lowering  of  the  standard  of  fuse  performance 
under  severe  test  conditions  and  might  introduce  hazards  in 
actual  use  the  importance  of  which  it  is  difficult  to  estimate  at 
this  time.  The  experience  with  the  present  type  has  not  yet  been 
sufficient  to  determine  whether  the  total  hazard  is  greater  or  less 
than  it  is  with  approved  fuses  as  they  are  actually  used  in  practice. 
The  investigation  therefore  leads  to  the  following  finding. 

FINDING 

1 .  It  has  not  been  shown  that  the  use  of  the  fuses  manufactured 
by  the  Economy  Fuse  &  Manufacturing  Co.  will  result  in  no 
greater  fire  or  accident  hazard  than  the  use  of  inclosed  cartridge 
fuses  at  present  listed  as  standard  by  the  Underwriters'  Labora- 
tories (Inc.). 

2.  On  the  other  hand,  the  evidence  in  the  case  does  not  show 
that  the  use  of  Economy  fuses  has,  on  the  whole,  resulted  in  any 
greater  fire  or  accident  hazard  than  is  involved  in  the  use  of 
standard  inclosed  cartridge  fuses. 

3.  In  comparison  with  fuses  listed  as  standard  by  Underwriters' 
Laboratories,  the  fuses  at  present  manufactured  by  the  Economy 
Fuse  &  Manufacturing  Co.  have  been  shown  to  possess  certain 
features  which  tend  to  increase  the  hazards  involved  in  the  use 
of  fuses,  and  other  features  which  tend  to  reduce  such  hazard. 
The  relative  importance  of  these  features  can  be  determined  only 
by  extended  experience  under  working  conditions. 

4.  It  is  therefore  recommended  that  Economy  fuses  be  not 
approved  at  present  for  general  use  on  the  same  basis  as  fuses 
at  present  listed  as  standard  by  Underwriters'  Laboratories  (Inc.), 
but  that  a  continuation  and  extension  of  their  use  be  permitted 
by  municipal  and  underwriters'  inspection  departments  under 
conditions  where  their  performance  can  be  observed  by  each 
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inspection  department  until  sufficient  experience  regarding  their 
performance  imder  service  conditions  can  be  obtained  to  justify 
an  unqualified  approval  or  refusal  to  approve. 

The  evidence  on  which  the  foregoing  decision  has  been  reached 
is  summarized  and  discussed  in  the  succeeding  sections  of  this 
report. 

II.  EVIDENCE  SUBMITTED  BY  THE  ECONOMY  FUSE  & 
MANUFACTURING  CO.  IN  ADVANCE  OF  THE  HEAR- 
ING 

CHARACTER  OF  PRELIMINARY  EVIDENCE 

The  evidence  submitted  by  the  Economy  Fuse  &  Manufactiuing 
Co.  prior  to  the  hearing  held  in  Washington  on  July  8  consisted 
in  large  part  of  opinions  of  users  of  fuses  and  of  inspectors  who 
have  had  considerable  knowledge  of  the  use  of  Economy  fuses. 
The  opinions  of  users  of  fuses  were  obtained  chiefly  through  the 
medium  of  circular  letters  sent  out  by  the  Economy  Fuse  & 
Manufacturing  Co.  requesting  answers  to  stated  questions.  The 
opinions  of  inspectors  were  in  the  form  of  letters  and  affidavits 
setting  forth  the  extent  and  character  of  the  experience  the 
authors  had  had  with  Economy  fuses.  There  were  also  sub- 
mitted by  the  Economy  Fuse  &  Manufacturing  Co.  samples  of 
various  makes  of  approved  fuses  for  the  purpose  of  demonstrating 
the  ease  with  which  such  fuses  could  be  refilled  by  the  user,  not- 
withstanding the  fact  that  they  are  not  intended  to  be  so  used. 

After  this  evidence  had  been  examined  by  the  engineers  of  the 
Biu-eau  of  Standards,  inspectors  were  sent  to  a  considerable  num- 
ber of  premises  represented  in  the  reports  for  the  purpose  of 
seeming  any  adchtional  evidence  that  might  not  have  been  called 
forth  by  the  cjuestions  submitted  and  also  for  the  purpose  of 
determining  upon  a  satisfactory  basis  for  judging  the  significance 
of  the  testimony  contained  in  the  statements  of  the  users.  The 
results  of  these  inspections  are  set  forth  and  discussed  in  some 
detail  in  a  later  section  of  this  report. 

The  significance  of  the  evidence  above  mentioned  was  inter- 
preted at  some  length  by  representatives  of  the  Economy  Fuse  & 
Manufacturing  Co.  at  the  formal  hearing  on  July  S,  the  record  of 
wliich  is  given  below : 


Report  on  Economy  Refillable  Fuses  21 

PRELIMINARY  STATEMENT  MADE  BY  THE  ECONOMY  FUSE  &  MANU- 
FACTURING CO. 

OUTLINE  OF  EVIDENCE 
I 

The  question  submitted  for  determination  is  one  of  fact.  It  is — 
Has  it  been  shown  that  the  use  of  the  fuses  manufactured  by 
the  Economy  Fuse  &  Manufacturing  Co.  results  in  no  greater 
fire  or  accident  hazard  than  the  use  of  other  cartridge-inclosed 
fuses  at  present  approved  by  the  Underwriters'  Laboratories 
(Inc.)  ? 
The  "other"  fuses  are  the  following: 

"Buss" Bussman  Manufacturing  Co.,  St.  Louis.     (Sample  Xo.  i.) 

"G.  E." General  Electric  Co.,  Schenectady,  N.  Y.     (Sample  No.  2.) 

"Union" Chicago  Fuse  Co.,  Chicago,  111.     (Sample  No.  3.) 

"Arkless" Detroit  Fuse  Co.,  Detroit,  Mich.     (Sample  No.  4.) 

"Shawmut" Chase  vShawmut  Co.,  Newburyport,  Mass.     (Sample  No.  5.) 

"Klillark" Killark  Electric  Manufacturing  Co.,  St.  Louis,  Mo.     (Sam- 
ple No.  6.) 

"Noark" Johns  Pratt  Co.,  Hartford,  Conn.     (Sample  No.  7.) 

"Bryant" Br>-ant  Electric  Co.,  Bridgeport,  Conn.     (Sample  No.  8.) 

"D.  &  W." D.  &  W.  Fuse  Co.,  Providence,  R.  I.     (Sample  No.  9.) 

"  K.  E. " Ivirkman  Engineering  Co. ,  New  York  City. 

"Metropolitan" Metropolitan  Engineering  Co.,  Brooklyn,  N.  Y. 

"Multi" Multi  Refillable  Fuse  Co.,  Chicago,  111.     (Sample  No.  10.) 

"United" United  Electric  Supply  Co.,  Brookl>Ti,  N.  Y. 

"Westinghouse" .Westinghouse  Electric  &  Mantifacturing  Co.,  Pittsburgh,  Pa. 

Where  no  sample  is  referred  t^  the  fuses  are  used  so  little  that  samples  are  not  readily 
obtainable. 

Each  of  the  foregoing  fuses  is  approved  by  the  Underivriters'  Laboratories  (Inc.), 
and  the  question  is  whether  the  use  of  Economy  fuses  results  in  no  greater  fire  or 
accident  hazard  than  the  use  of  any  one  of  those  named  above,  not  some  or  a  favored 
one  or  two,  because  the  question  is  ^vliether  the  Economy  fuse  is  being  discriminated 
against  on  the  question  of  the  relative  fire  hazard  involved  in  the  use  of  the  devices. 

II 

This  question  arises  because,  as  will  be  found  on  reading  the  communication  of  the 
Economy  Fuse  &  Manufacturing  Co.  of  April  2,  1915,  to  the  Underwriters'  Labora- 
tories (found  on  p.  133  of  printed  appeal  toN.  F.  P.  A.),  it  was  shown  that  many  of 
the  approved  fuses  named  above  are  so  designed  and  constructed  as  to  permit  the 
ready  replacement  of  the  fusible  element  (especially  in  the  knife-blade  types)  and  the 
reassembly  of  the  fuse  without  injury  to  any  of  the  parts  by  the  user,  which  results 
in  a  positive  invitation  to  the  user  to  refill,  irrespective  of  the  so-called  annoimced 
intent  of  design,  especially  as  many  of  the  fuses  bear  a  printed  label  that  the  fuse  will 
be  refilled  by  the  maker,  and  one  company  calls  itself  "Multi  Refillable  Fuse  Co." 

The  samples  of  the  fuses  mentioned  above  are  submitted  to  the  Bureau  to  show  from 
simple  inspection  ho\v  easily  they  can  be  renewed. 

It  is  not  claimed  that  these  approved  fuses  as  renewed  by  the  maker  are  tested  for 
Safety  of  operation,  and  an  inspection  alone  of  the  fuses  shows  that  they  are  not  so 
ruggedly  constructed  as  to  stand  repeated  renewal,  even  when  skillfully  done. 

It  is  also  apparent  from  inspection  that  the  omission  of  the  filling  material  on  reas- 
sembly would  be  dangerous  because  of  the  open  ventholes  and  very  thin  caps. 
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III 

EXTENT  OF  USE  OF  ECONOMY  CARTRIDGE-INCLOSED  FUSES 

The  company  has  7080  direct  customers.  (A  full  alphabetical  list  for  reference  as 
to  character  of  users  is  found  in  volume  14  of  the  record  submitted  to  the  Bureau  of 
Standards.) 

The  diversity  of  the  use  ^vill  be  found  from  an  inspection  of  this  list.  The  Economy 
fuses  are  in  daily  use  in  all  States  in  the  Union,  and  throughout  Canada,  some  in  Rus- 
sia, Germany,  France,  and  England,  and  in  Argentina,  South  America. 

The  character  of  the  users  will  also  be  found  to  embrace  every  kind  of  industrial 
installation,  large  and  small;  steamships  and  railroads. 

The  Economy  fuses  have  been  in  ser\'ice  for  three  years.     The  extent  of  tlie  use  is 
evidenced  by  the  following  numbers  of  Economy  fuses  ia  actual  service: 
377  993  fen^le  type,  250  volts,  3-60  amperes,  with  filler. 
55  050  ferrule  tj'pe,  600  volts,  3-60  amperes,  with  filler. 
433  470  ferrule  type,  250  volts,  3-60  ampeies,  without  filler. 
60  494  ferrule  t\-pe,  600  volts,  3-60  amperes,  without  filler. 
51  842  knife-blade  type,  250  volts,  61-600  amperes,  witli  filler. 
9240  knife-blade  type,  600  volts,  61-600  amperes,  with  filler. 
24  4S4  knife-blade  tj^ie,  250  volts,  61-600  amperes,  with  asbestos  sheath. 
5405  knife-blade  type,  600  volts,  61-600  amperes,  with  asbestos  sheath. 
119  8S7  knife-blade  t>'pe,  250  volts,  61-600  amperes,  free  drop-out  link. 
10  165  knife-blade  type,  600  volts,  61-600  amperes,  free  drop-out  link. 

Total  fuses  ferrule  t)T)e 940  514 

Total  fuses  knife-blade  type 221  023 

Total I  161  537 

Frequency  of  operation  is  shown  by  the  sale  of  renewal  Unks,  divided  as  follows: 

Ferrule  t\-pe  links,  3-60  amperes i  606  204 

Knife-blade  t>'pe  links,  61-600  amperes 425  596 

Links  given  with  fuses i  601  117 

Total  links 3632917 

Fuses  of  older  t>'pes  with  filling  material  or  with  asbestos  sheathing  over  link  are 
rapidly  disappearing,  and  are  replaced  with  latest  tj'pe  free  drop-out  link  fuses  wher- 
ever users  will  consent. 

IV 

Comparative  cost  of  fuses,  cheapness  of  Economy  renewal  elements,  and  ease  of 
refilling  and  reassembly. 

The  example  taken  is  the  most  extensively  used  size  loo-ampere  knife-blade  type, 

250  volts;  other  comparisons  will  be  in  the  same  ratio. 

Cents 

The  average  cost  of  present  standard  nonrefiUable  fuses,  new 40 

Recently  annoimced  to  be  reduced  on  account  of  agi  tation  by  this  company  to .  24 

Cost  of  refilling  by  maker  (expressage  and  packing  paid  by  user) 16 

Cost  of  Economy  fuse  shell  with  2  links  free 90 

Or  initial  cost  per  link 30 

Renewal  links 5 

Economy  fuses  have  been  renewed  on  severe  short-circuit  test  50  times  with 
perfect  operation,  and  in  some  instances  in  practice  75  times.  On  an 
average  of  10  renewals,  which  no  "approved  fuse"  will  stand,  the  cost  per 

fuse  to  the  user  is 13 

If  renewed  20  times,  the  cost  is 9 
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Cents 
Ten   'Approved  fuse"  blow-outs,  with  the  utmost  refilling  by  the  maker  which 
the  fuse  shell  and  parts  will  stand,  which  we  put  for  liberality  at  3,  would 

be  at  the  proposed  reduced  rates 19 

If  refilled  by  the  maker  once,  the  cost,  not  including  packing,  shipping, 
etc.,  would  be 20 


Extent  of  use  and  relative  cost  are  important  factors.  Such  widespread  use  by  such 
important,  carefully  conducted  industries  could  not  be  possible  in  the  face  of  the 
enormous  opposition  the  company  has  encountered  from  certain  insurance  organiza- 
tions of  nation-wide  activity,  and  from  competitors  who  have  left  no  stone  unturned 
to  stop  the  growth  of  the  company's  business,  if,  as  it  is  alleged  by  some,  the  Economy 
fuse  was  a  fire  hazard  and  a  dangerous  device,  and  their  use  takes  the  answer  to  the 
question  submitted  out  of  the  realm  of  the  imagination  and  opinion  and  reduces  it  to  an 
easily  ascertained  fact. 

The  comparison  of  cost  shows  the  reason  for  the  constantly  recurring  statement  that 
the  high  cost  of  renewals  is  one  of  the  chief  causes  of  the  dangerous  practice  of  refilling 
so-called  nonrenewable  fuses,  and  that  the  cheapness  of  Economy  renewal  links  (as 
cheap  as  one-fourth  cent  in  the  small  sizes)  and  ease  of  insertion  are  what  tend  to 
reduce  or  eliminate  this  dangerous  practice. 

The  making  and  selling  of  cartridge-inclosed  fuses  has  been  a  large,  profitable  busi- 
ness, controlled  for  years  by  a  few  strongly  intrenched  companies,  practically  all  oper- 
ating under  licenses  from  one  patent  owner.  It  is,  to  those  who  know  the  real  facts 
of  the  fuse  situation,  not  surprising  that  the  entrance  into  this  supposedly  well-walled 
field  of  a  device  for  which  there  has  long  been  a  crying  need,  and  one  which  was 
designed  to  overcome  the  very  evils  long  recognized  as  flowing  from  the  use  of  the  then 
known  devices,  should  provoke  a  storm  of  criticism  and  engender  opposition  from 
every  possible  quarter  from  which  it  could  be  made  to  come. 

The  imagination  has  been  racked  and  opinions  based  thereon  emphatically  stated 
as  facts,  often  innocently,  often  intentionally,  to  injure  the  Economy  fuses  until  if 
the  Economy  fuses  from  actual  experience  with  their  use  secured  under  the  most 
exacting  conditions  of  watched  use  by  insurance  inspectors  had  not  completely  dem- 
onstrated the  fallacy  of  all  the  imaginings  and  expert  opinion  based  thereon  and 
proved  that  they  do  correct  the  evils  attendant  on  the  use  of  approved  fuses  to  at  least 
some  extent,  the  Economy  Fuse  &  Manufacturing  Co.  would  have  ceased  to  exist 
long  ago. 

Therefore,  we  say  the  answer  to  the  question  submitted  is  not  to  be  determined  by 
the  announcement  of  opinion,  expert  or  otherwise,  no  matter  how  vehement,  when 
not  based  on  the  facts  of  experience.  '     " 

It  is  these  facts  of  the  experience  of  users  of  the  fuses  and  of  insurance  inspectors 
who  have  carefully  watched  their  use,  with  the  preconceived  notion  that  they  were 
dangerous,  which  must  determine  the  question  and  which  are  submitted  herewith. 

Before  setting  forth  the  facts  it  should  be  borne  in  mind  that  there  is  a  vast  amount 
of  real  ignorance  existing  in  regard  to  the  dangerous  operation  of  fuses  when  new,  and 
the  causes  therefor,  and  that  much  faulty  fuse  operation  is  due  to  defective  cut-out 
blocks  and  unknown  circuit  conditions,  which  sometimes  results  in  the  use  of  a  cer- 
tain type  of  fuse  under  conditions  it  was  not  constructed  to  meet. 

VI 

The  evidence  of  the  use  of  Economy  fuses  shows  that  in  practice  they  are  refilled 
properly  and  operate  safely  and  reduce  or  eliminate  to  a  large  extent  the  tendency 
to  improperly  overfuse  circuits  because  of  cost  of  renewals,  lack  of  sufficient  stock,  or 
inaccessibility  to  stocks,  which  are  admittedly  by  far  the  most  frequent  causes  of 
dangerous  overfusing. 
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It  is  not  contended  that  the  use  of  Economy  fuses  will  prevent  intentional  over- 
fusing  where  a  specific  reason  for  such  overfusing  exists  and  a  desired  object  is  sought, 
but  in  such  cases  experience  shows  this  is  true  of  any  fuse  because  a  fuse  in  such  cases 
is  not  wanted,  but  a  continuous  circuit,  and  even  then  the  overfusing  of  Economy 
fuses  is  safer  than  the  usual  practice  of  bridging  terminals. 

It  is  shown,  however,  that  many  cases  of  intentional  overfusing  with  nonrefillable 
types  are  done  away  with  because  of  the  quickness,  ease,  and  cheapness  of  renewing 
where  there  are  frequent  blow-outs  on  crowded  machinery  where  delays  are  a  greater 
damage  than  the  fire  likely  to  result. 

The  evidence  was  secured  from  about  looo  users  of  fuses  and  from  the  principal 
inspection  departments  of  fire  boards  in  the  larger  cities. 

The  evidence  of  the  users  is  for  convenience  bound  in  volumes,  the  method  of 
division  being  largely  with  a  view  to  grouping  those  who  admit  refilling  of  nonrefill- 
able fuses  at  the  plants,  and  those  who  deny  such  practice,  those  who  make  general 
statements  on  the  experience  with  the  use  of  the  fuses,  those  who  use  only  a  very  few 
fuses,  and  so  on,  as  is  shown  in  the  following  digest  of  what  in  general  is  contained 
in  each  of  the  15  volumes  of  evidence  submitted. 

Volume  I  (X) 

These  statements  of  105  users  of  Economy  fuses  are  specially  grouped  because  all 
are  from  industrial  installations  insured  in  what  are  known  as  factor,-  mutuals,  and 
are  interesting  because  the  inspection  department  of  these  companies  has  been  most 
bitterly  opposed  to  the  use  of  Economy  fuses  and  has  ordered  them  out  wherever 
found,  and  their  risks  would  stand  for  the  arbitrary  action.  This  department  has 
been  most  insistent  that  the  refilling  of  approved  nonrefillable  fuses  in  their  risks 
does  not  exist,  and  is  carefully  watched  by  their  inspectors. 

Yet,  of  loi  answering  the  question,  41  state  that  they  do  refill  on  the  premises. 
This  is  40  per  cent  in  carefully  ^vatched  plants.  Eighty-eight  of  these  users  stated 
that  tlie  Economy  fuse  has  been  at  all  times  satisfacton.-.  Ten  state  they  have  not 
used  the  fuse  and  3  state  the  use  has  not  been  satisfactor)-,  4  not  answering.  Eighty- 
one  state  that  the  fuses  have  at  all  times  been  properly  refilled,  many  making  very 
full  statements  showing  the  satisfactory  operation,  proper  renewal,  and  reduction  of  fire 
hazard  by  the  now  proper  fusing  of  circuits.  Twent>'-one  do  not  answer  the  question 
and  3  state  the  fuses  have  not  at  all  times  been  properly  refilled.  These  are  Nos.  3, 
49,  and  70. 

Volume  II  (A) 

This  volume  contains  the  statements  of  88  users  of  Economy  fuses,  44  of  whom 
admit  that  they  refilled  approved  nonrefillable  fuses,  and  many  of  whom  give  lengthy 
dissertations  on  tlieir  experience  in  the  use  of  both  kinds  of  fuses  and  the  protection 
resiilting  from  the  use  of  Economy  fuses. 

Volume  III  (B) 

This  volume  contains  the  statements  of  54  users  of  fuses,  36  of  whom  admit  the 
refilling  of  approved  so-called  nonrefillable  fuses  on  their  premises,  but  only  a  few 
of  whom  give  detailed  statements  on  the  general  situation. 

Volume  IV  (C) 

This  volume  contains  the  statements  of  108  users,  each  of  whom  deny  that  they 
refill  approved  nonrefillable  fuses,  many  of  whom  give  detailed  statements  of  their 
satisfactory  experience  with  the  use  of  Economy  fuses. 
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Volume  V  (D) 

This  volume  contains  statements  of  82  users,  74  of  whom  admit  that  they  refill 
approved  nonrefillable  fuses  and  each  of  whom  give  detailed  statements  concerning 
the  reduction  of  the  fire  hazard  resulting  from  the  iise  of  Economy  fuses  and  the  greater 
protection  afforded  against  overfusing  circuits. 

Volume  VI  (E) 

This  volume  contains  45  statements  from  users  who  neither  affirm  nor  deny  that 
they  refill  approved  nonrefiUable  fuses,  but  give  their  satisfactory  experience  with 
the  use  of  Economy  fuses. 

Volume  VII  (F) 

This  volume  contains  the  statements  of  132  users  of  fuses  grouped  together  because 
their  consumption  of  fuses  is  very  limited. 

Volume  VIII  (G) 

This  volume  contains  the  statements  of  35  users  who  did  not  wish  to  answer  the 
specific  questions  asked,  but  make  a  general  report  on  their  use  of  the  Economy 
fuses  and  the  reduction  of  the  fire  hazard  from  their  use. 

Volume  IX  (H) 

This  volume  contains  184  letters  from  users  who  did  not  wish  to  make  replies  on 
the  printed  form  submitted. 

Volume  X  (I) 

This  volume  contains  57  letters  in  addition  to  those  in  Volume  IX. 

Volume  XI  (K) 
Eight  letters  separated  because  from  factory  mutual  risks. 

Volume  XII  (J) 

Seventeen  miscellaneous  statements  received  too  late  to  classify  as  above. 

Volume  XIII 

In  this  volume  will  be  found  transcribed  for  easy  reading  all  the  statements  made 
by  the  users  in  the  foregoing  volumes  and  which  bear  on  their  experience  in  the  use 
of  Economy  fuses  as  reducing  or  eliminating  the  practice  of  overfusing  circuits  by 
refilling  approved  nonrefiUable  fuses.  These  excerpts  are  all  key  numbered  to  the 
voltunes  named  above  so  that  the  original  may  be  examined  for  verification. 

Volume  XIV 
This  volume  contains: 

1.  An  alphabetical  list  of  all  direct  customers  of  the  company. 

2.  An  alphabetical  list  of  all  concerns  giving  st.itements  with  their  location  and 
name  and  official  position  of  the  party  testifying,  each  of  which  is  keyed  to  the  volumes 
above  mentioned. 

Volume  XV 

This  volume  contains  the  very  important  testimony  by  way  of  affidavits  of  insur- 
ance and  municipal  inspection  departments  having  wide  jurisdiction  covering  the 
jurisdictions  where  fuses  are  most  extensively  used. 

There  is  also  in  this  volume  the  letters  of  authority  for  the  use  of  Economy  fuses 
granted  by  various  inspection  departments. 

Economy  Fuse  &  Manufacturing  Co., 
R.  J.  FooTE,  Director. 
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SUMMARY  OF  INFORMATION  CONTAINED  IN  TESTIMONY  OF  USERS  OF 

ECONOMY  FUSES 

The  answers  to  the  questions  sent  out  to  the  users  of  Economy- 
fuses  by  the  Economy  Fuse  &  Manufactiu-ing  Co.  covered  a  wide 
range  of  subjects,  and  many  of  the  answers  have  no  direct  bearing 
on  the  question  xmder  consideration.  There  is  presented  below  a 
brief  digest  and  summary  of  the  answers  to  those  questions  which 
are  judged  to  be  relevant  to  the  question  at  issue. 

1.  Scope  of  Aiiswers  Received. — ^Altogether  about  1,000  users  of 
Economy  fuses  were  asked  to  submit  statements,  but  as  a  rule 
less  than  half  of  these  answered  any  particular  question  sub- 
mitted. Of  those  answering  the  great  majority  reported  that 
their  experience  with  Economy  fuses  had  been  entirely  satisfac- 
tor}'.  A  total  of  28  users,  however,  stated  that  their  experience 
had  not  been  satisfactory' ,  though  in  many  cases  no  specific  state- 
ment was  made  indicating  the  objections  which  the  company  had 
to  the  use  of  Economy  fuses.  The  significance  of  this  statement 
may  perhaps  best  be  gauged  if  we  consider  that  55  of  these  same 
users  reported  unsatisfactory  experience  with  fuses  in  general, 
including  approved  types.  It  appears  also  from  the  records  that 
the  fuses  are,  in  general,  being  used  in  places  where  frequent 
renewals  are  necessary.  This  of  course  is  to  be  expected,  because 
it  is  in  such  places  that  the  refillable  fuse  offers  the  greatest  advant- 
age, and  it  is  also  a  condition  tending  to  give  a  maximum  of  experi- 
ence with  such  fuses  within  any  limited  time. 

2.  Percentage  of  Replacements. — In  answer  to  the  cjuestion  as  to 
what  percentage  of  all  fuses  were  replaced  per  annum  only  300 
replies  were  received.  Of  these  about  40  per  cent  stated  that  the 
annual  renewals  amounted  to  less  than  25  percent;  22  per  cent 
indicated  that  annual  renewals  amounted  to  between  25  and  50 
per  cent,  and  10  per  cent  that  renewals  amounted  to  more  than 
100  per  cent.  The  average  of  all  percentages  reported  indicated 
about  62  per  cent  of  renewals  per  annum,  about  two-thirds  of  which 
were  on  motor  circuits.  By  far  the  greater  portion  of  all  renewals 
was  shown  to  have  been  made  necessary  b}-  the  overloading  of 
motors  due  to  workmen  forcing  the  miachinery  or  work. 

The  percentage  of  replacements  due  to  poor  contact  in  either 
fuse  clips  or  adjacent  switches  is  indicated  by  replies  from  210 
users.  Of  these  146  reported  that  less  than  25  per  cent  of  their 
fuses  were  blown  from  this  cause;  15  reported  that  between  25 
and  50  per  cent  of  their  fuses  were  blown  because  of  bad  con- 
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tacts;  and  individual  users  reported  a  still  higher  percentage. 
There  is  nothing  in  the  testimony  indicating  the  relative  prob- 
ability of  fuse  failures  due  to  this  cause  in  the  case  of  approved 
nonrefillable  fuses,  but  the  engineers  of  the  Bureau  of  Standards 
have  frequently  had  occasion  to  note  that  the  contacts  of  the 
knife  blades  in  the  cut-out  clips  were  very  often  less  perfect  in 
the  case  of  Economy  fuses  than  of  approved  fuses,  particularly 
in  fuses  that  had  been  refilled,  this  being  due  to  lack  of  care  in 
aligning  the  knife  blades  when  refilling  the  fuse.  No  evidence  has 
been  presented,  however,  indicating  that  any  actual  hazard  has 
resulted  from  this  cause. 

3.  Failure  of  Indicators. — The  evidence  brought  out  in  the  letters 
seems  to  reveal  consideraljle  trouble  on  the  part  of  users  with  the 
operation  of  indicators  on  approved  fuses.  Of  389  users  reporting 
on  this  point  only  38  reported  that  their  experience  with  indicators 
had  been  satisfactory,  351  users  reporting  adversely.  The  trouble 
results  both  from  a  failure  of  the  indicator  to  operate  and  show 
when  the  fuse  has  been  blown  and  also  in  many  cases  from  the 
operation  of  the  indicator  without  the  fuse  having  blown.  This 
latter  trouble  might  be  construed  to  involve  an  appreciable  hazard 
because  of  the  possible  careless  handling  of  electrical  circuits  that 
are  erroneously  supposed  to  have  been  opened  by  the  fuse.  A 
number  of  companies  reported  that  a  considerable  portion  of  their 
indicators  fail  without  any  actual  operation  of  the  fuse.  The 
great  majority  of  the  users  reporting  appear  to  take  the  view  that 
an  indicator  is  not  an  essential  part  of  the  fuse,  and  many  do  not 
rely  on  the  indicators  provided  in  standard  fuses  but  use  some 
method  of  direct  testing  to  determine  whether  or  not  the  fuse  has 
blown. 

4.  Returning  of  Approved  Fuses  to  Manufacturer  for  Refilling. — 
The  answers  indicate  that  a  comparatively  small  portion  of  these 
users  have  followed  the  practice  of  returning  approved  nonrefill- 
able fuses  to  the  manufacturers  for  refilling.  Of  451  reporting 
on  this  question  68  answered  in  the  aflfirmative  and  383  in 
the  negative.  The  majority  of  those  reporting  expressed  the 
opinion  that  approved  fuses  refilled  by  the  manufacturer  gave  as 
good  service  as  when  new,  but  64  did  not  concur  in  this  view; 
127  reported  that  the  saving  on  fuses  refilled  by  the  manufac- 
turer was  not  sufficient  to  justify  the  increased  investment  for 
spare  fuse  cartridges  and  the  trouble  of  handling  the  order  and 
expense  incident  to  shipment. 


28  Technologic  Papers  of  the  Bureau  of  Standards 

5.  Re-filling  of  Approved  Fuses  by  Parties  Other  than  Manufac- 
itirer  or  User. — The  practice  of  having  approved  nonrefillable  fuses 
refilled  at  places  other  than  the  maker's  factory  or  on  the  user's 
premises  was  indicated  to  be  quite  prevalent.  Of  321  companies 
reporting  on  this  practice  45  reported  that  they  were  having 
approved  fuses  refilled  in  this  way.  The  testimony  indicates, 
however,  that  the  majority  of  these  have  not  found  such  refilling 
as  satisfactory  as  that  done  by  the  original  maker. 

6.  Refilling  of  Approved  Fuses  by  the  User. — ^The  testimony 
submitted  by  these  users  of  fuses  indicates  a  surprising  tendency 
to  refill  approved  nonrefillable  fuses  on  the  user's  premises.  Out 
of  435  users  answering  this  question  187,  or  about  43  per  cent, 
stated  that  they  followed  this  practice,  while  57  per  cent  reported 
that  they  did  not  refill  fuses  in  this  way.  Of  those  companies 
reporting  that  they  did  refill  approved  fuses  on  their  own  premises 
the  majority  reported  that  it  was  their  custom  to  use  lead  fuse 
wire  or  strip,  although  a  considerable  number  used  aluminum, 
zinc,  or  copper.  It  has  been  quite  definitely  established  that  the 
performance  of  fuses  filled  with  lead,  aluminum,  or  copper  is  in 
general  distinctly  inferior  to  their  performance  when  filled  with 
zinc  elements;  so  that  the  practice  here  indicated  of  refilling 
standard  fuses  with  improper  materials  must  be  regarded  as 
increasing  the  hazards  that  might  be  involved  in  the  use  of  such 
fuses.  It  is  true  that  these  same  users  not  infrequently  refill 
their  Economy  fuses  with  improper  material,  as  shown  by  the 
answers,  but  this  tendency  was  much  less  marked  than  in  the 
case  of  the  approved  fuses.  For  example,  161  companies  reported 
that  they  refilled  approved  fuses  with  lead  wire  or  strip;  whereas 
only  17  companies  reported  refilling  Economy  fuses  in  this  way; 
24  companies  reported  refilling  approved  fuses  with  copper  wire 
or  strip,  while  only  7  companies  refilled  Economy  fuses  in  this  way. 

7.  Saving  Due  to  the  Use  of  Rcfillable  Fuses. — The  great  majority 
of  users  reporting  expressed  the  view  that  the  use  of  Economy 
fuses  would  materially  reduce  the  cost  of  fuse  maintenance, 
although  a  total  of  22  companies  answered  this  question  in  the 
negative.  The  majority  of  the  users  reported  that  the  reduction 
in  cost  of  fuse  maintenance  due  to  the  use  of  Economy  fuses 
ranged  from  25  to  100  per  cent,  and  7  companies  reported  a 
saving  in  excess  of  100  per  cent.  This  latter  indicates  that  the 
question  was  in  some  cases  misunderstood,  so  that  there  may  be 
some   question   as   to   the   accuracy   of  the   figures   given.     The 
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average  saving  as  indicated  by  the  answers  was  about  81  per 
cent. 

8.  Criticisms  of  Economy  Fuses  by  Those  Who  Use  Them. — 
Many  criticisms  are  based  on  experience  with  the  earliest  type  of 
cartridge  fuse  put  out  b}'  the  Econom}'  Fuse  &  Manufacturing 
Co.  and  do  not  hold  for  the  more  recent  types.  In  this  earliest 
type  the  fuse  strip  was  clamped  between  a  washer  and  a  ferrule 
screwed  onto  a  fiber  tube.  The  criticisms  indicate  that  this 
method  of  clamping  the  fuse  strip  is  unsatisfactory.  Moisture, 
vibration,  and  shrinkage  of  the  fiber  loosened  the  ferrule  and 
caused  a  high  resistance  contact  between  the  fuse  link  and  the 
ferrule,  which  frequently  charred  the  fiber,  due  to  overheating, 
destroying  the  threads  on  it.  This  trouble  is  obviated  in  a  later 
type  of  fuse  in  which  the  electrical  circuit  is  independent  of  the 
fiber  tube  and  loose  contact  between  the  ferrule  and  fiber  does 
not  affect  the  operation  of  the  fuse.  There  are  a  few  reports  of 
fuse  strips  being  too  long.  As  a  result  of  the  excess  length  of 
the  fuse  strip  the  ends  of  the  strip  catch  in  the  threads  of  the 
clamping  ferrule  of  the  ferrule  type  and  prevent  a  good  contact 
between  ferrule  and  fuse.  In  the  knife-blade  type  the  knife 
blades  are  sometimes  thrown  out  of  alignment,  which  may  cause 
poor  contact  in  the  cut-out. 

A  third  type  of  criticism  applies  to  the  marking  of  the  fuses. 
The  paper  labels  are  said  by  some  to  come  off,  and  others  report 
that  the  rating  of  the  refill  strip  is  not  marked  in  large  enough 
figures.  The  trouble  on  this  account  might  cause  some  incon- 
venience but  could  scarcely  be  called  a  hazard. 

There  are  a  few  criticisms  that  the  fuse  strips  break  when  they 
are  bent  over  the  washer  in  refilling.  This  trouble  will  add  to 
the  expense  of  using  the  fuse,  but  should  cause  no  danger  since 
the  break  is  apparent  before  the  fuse  is  replaced  in  circuit. 

One  reply  says  that  the  6oo-volt  fuses  hold  the  arc  when  the 
fuse  strips  are  not  uniform  or  double  notched.  One  other  reply 
reports  a  single  case  of  arcing  which  destroyed  the  fuse  block. 
A  few  companies  state  that  the  Economy  fuses  will  not  carry  as 
much  current  as  approved  fuses  of  the  same  rating. 

The  two  criticisms  of  a  serious  nature  are  poor  contacts  due  to 
too  long  fuse  strips,  and  holding  the  arc.  The  first  of  these  is 
apparently  clue  in  most  cases  to  shrinking  of  the  fiber,  due  to  long- 
continued  heating  in  normal  use.  The  most  serious  criticism, 
that  of  holding  an  arc,  is  offered  by  but  two  observers,  onh'  one 
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of  whom,  an  operator  of  a  street  railway,  reports  more  than  a 
single  instance. 

9.  Attitude  of  Users  Toward  Refillable  Fuses.— 1\\&  fuse  users 
reporting  were  all  but  imanimous  in  expressing  the  opinion  that 
a  suitably  designed  refillable  fuse  which  met  all  the  Underwriters' 
performance  specifications  should  be  approved.  Out  of  418 
replies  bearing  on  this  point  only  8  indicated  that  such  a  fuse 
should  not  be  approved. 

10.  Character  of  Users  Represented  in  Statements. — ^That  the 
users  whose  opinions  are  here  considered  represent  fair  average 
conditions  as  regards  character  of  their  power  supply  system  is 
indicated  by  the  testimony.  Of  269  specific  answers,  172  stated 
that  they  used  central  station  ser\-ice,  while  97  stated  that  their 
supply  was  from  isolated  plants.  The  capacit}'  of  the  plants  was 
said  to  range  from  a  minimum  of  i  kilowatt  to  a  maximum  of 
100  000  kilowatts,  the  average  capacity  of  all  the  plants  reported 
on  being  4800  kilowatts.  There  was  a  similar  wide  variation  in  size 
of  feeders,  a  minimum  of  26  000  circular  mils  being  indicated  and 
a  maximum  of  3  000  000  circular  mils.  The  users  of  alternating 
and  direct  current  were  about  equally  divided,  and  about  25  per 
cent  of  the  users  reporting  used  both  classes  of  service.  The 
voltages  of  the  circuits  reported  were  1 10,  220,  440,  and  600  volts, 
but  the  great  majority  used  220-volt  service. 

11.  Summary  of  Statements  of  Users. — The  general  trend  of  the 
testimony  reviewed  above  appears  to  be  decidedly  favorable  to 
the  Economy  fuse,  although  even  among  habitual  users  of  these 
fuses  experience  has  not  been  altogether  satisfactory.  It  should 
be  borne  in  mind,  however,  that  this  testimony  can  not  be 
accepted  without  reser^^e  as  representing  the  experience  or  opin- 
ions of  all  users  of  fuses.  The  mere  fact  that  these  companies  are 
using  Economy  fuses  is  sufficient  to  place  them  in  a  select  class 
which  might  very  naturally  be  expected  to  express  favorable 
opinions  regardmg  the  use  of  these  fuses.  Before  these  opinions 
can  be  accepted  as  reflecting  the  general  trend  of  opinion  among 
fuse  users  it  is  necessary  to  take  into  account  the  possibility  that 
a  great  many  users  may  have  at  one  time  or  another  considered 
the  use  of  Economy  fuses  but  refrained  from  ever  using  them  for 
reasons  which  they  deemed  sufficient  but  which  it  would  be  ex- 
tremely difficult  to  get  into  the  record  of  the  present  case. 

Furthermore,  firms  using  unapproved  fuses  in  insured  proper- 
ties would  very  naturally  be  reluctant  to  give  any  evidence  tend- 
ing to  show  that  they  were  continuously  incurring  an  appreciable 
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hazard  even  though  events  may  have  transpired  which  would  lead 
the  user  to  suspect  a  possible  increase  in  hazard.  We  must  there- 
fore deal  with  the  possibility  that  in  certain  cases  the  statements 
may  not  accurately  reflect  the  opinion  of  the  users  themselves. 

EXHIBITS    OF   IMPROVED    FUSES    SUBMITTED    BY   ECONOMY   FUSE   & 

MANUFACTURING  CO. 

The  specimens  of  approved  fuses  submitted  to  the  Bureau  show 
quite  clearly  that  such  fuses  can  readily  be  refilled  by  the  users 
and  that  such  refilling  is  actually  done  to  a  considerable  extent 
has  been  clearly  shown  by  investigations  made  by  inspectors  of 
the  Bureau  of  Standards  which  are  discussed  in  a  later  section  of 

this  report. 

STATEMENTS  FROM  INSPECTORS 

Letters  from  inspection  departments  and  affidavits  from  inspec- 
tors presented  by  the  Economy  Fuse  &  Manufacturing  Co.  are  all 
very  favorable  to  the  use  of  Economy  fuses,  and  on  their  face 
would  appear  to  convey  beyond  question  the  idea  that  the  authors 
of  the  statements  are  convinced  that  not  only  have  Economy 
fuses  proved  satisfactory  in  use,  but  that  there  is  no  reason  why 
they  should  not  be  formally  approved  by  the  Underwriters. 
These  letters  and  affidavits  are  discussed  in  a  later  chapter  of  this 
report  dealing  with  the  formal  hearing  at  the  Bureau  of  Standards 
on  July  8,  so  that  they  will  not  be  taken  up  in  detail  here. 

Ill,  PRELIMINARY  EVIDENCE  SUBMITTED  BY  THE  UNDER- 
WRITERS' LABORATORIES 

The  preliminary  evidence  submitted  Ijy  the  Underwriters' 
Laboratories  consisted  of  reports  of  comparative  tests  made  on 
Economy  fuses  and  various  makes  of  approved  fuses,  and  alsp  of 
the  results  of  short-circuit  tests  of  Economy  fuses. 

RATING  TESTS 

The  reports  on  the  rating  tests  gave  data  on  tests  of  a  number 
of  makes  of  approved  fuses  as  well  as  of  Economy  and  other  fuses 
not  approved,  of  various  sizes,  the  loading  varying  from  no  per 
cent  to  150  per  cent  of  the  rated  current  of  the  fuse.  The  data 
obtained  included  the  time  required  for  blowing  the  fuses  under 
the  different  current  values  used,  and  also  the  maximum  tem- 
perature rise  of  the  fuse  cartridge.  The  results  of  these  tests  are 
shown  in  Table  i,  which  is  practically  self-explanatory.     In  the 


32 


Techtwlogic  Papers  of  the  Bureau  of  Standards 


column  headed  "maker"  the  letters  refer  to  the  key  given  at  the 

end  of  the  table.     The  results  of  these  rating  tests  show  in  general 

a  very  satisfactory  performance  of  Economy  fuses. 

An  examination  of  Table  i  shows  that  Economy  fuses  met  the 

requirements  of  the  National  Electrical  Code  Rule  68,  Sections  H 

and  J.     It  will  be  noted  that  the  time  required  for  blowing  the 

fuse  on  50  per  cent  overload  is  in  most  cases  shorter  than  that 

required  by  the  other  fuses  with  which  the  Economy  fuse  was 

compared.     On  10  per  cent  overload  the  maximum  temperature 

reached  is  higher  than  for  most  of  the  other  fuses,  but  within  the 

limits  permitted  by  paragraph  i.  Rule  68  of  the  Code,  with  the 

exception  of  the  lOO-ampere  2 50- volt  fuses  tested  in  August,  191 4, 

which  came  within  the  limit  on  rated  current. 

TABLE  1 

Comparison  of  Economy  and  "Approved"  Fuses  Tested  by  Underwriters'  Labora- 
tories (^Inc.) 

250-VOLT  FUSES 


Elec. 
Mo. 


Num- 

ber 

tested 

1914 

10 

1913 

3 

1914 

6 

1914 

6 

1914 

6 

1914 

8 

1915 

6 

1915 

4 

1914 

4 

1914 

6 

19H 

6 

1913 

3 

1914 

3 

1914 

4 

1913 

6 

1914 

4 

1913 

3 

1914 

6 

1914 

6 

1914 

6 

1914 

4 

1915 

6 

1912 

6 

1913 

3 

1914 

6 

1914 

6 

1912 

4 

1913 

3 

1914 

6 

1914 

6 

1914 

6 

1915 

e 

1912 

4 

1914 

6 

1915 

4 

Rating 


Load. 

per  cent 

rating 


Maximum  time  to  open 
circuit 


Maximum 
tempera- 
ture rise 
before 
blowing 


3408 
3542 
3542 
3578 
3654 
4164 
3716 
4273 

3408 
3654 
3578 
3542 
3542 
4164 
3716 

3408 
3542 
3542 
3634 
3578 
4164 
3716 

3408 
3542 
3542 
3654 

3408 
3542 
3542 
3654 
3578 
3716 

3408 

3654 

6  4199 


May 
Mar. 
Dec. 
Sept. 
Sept. 
Dec. 
June 
Jan. 

May 
Sept. 
Sept. 
Mar. 
Dec. 
Dec. 
June 

May 
Mar. 
Dec. 
Sept. 
Sept. 
Dec. 
June 
Sept. 
Mar. 
Dec. 
Sept. 

Sept. 
Mar. 
Dec. 
Sept. 
Sept. 
June 

Sept. 

Sept. 
Mar. 


Amp. 

10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
25 
25 
25 


150 
150 
130 
150 
150 
150 
150 
150 

125 
125 
125 
125 
125 
125 
125 
110 
110 
110 
110 
110 
110 
110 

150 
150 
150 
150 

110 
110 
110 
110 
110 
110 
ISO 
150 
150 


E 

U 

U 

S 

K 
MR 
E  F 

B 

E 

K 

S 

U 

TJ 
MR 
E  F 

E 

TJ 

U 

K 

S 
MR 
E  F 

E 
TJ 
U 
K 

E 
U 
U 
K 
S 
EF 

E 
K 

N 


Blown  4  sec 

Blown  20  sec... 

Blown  3  sec 

Blown  5  sec 

Blown  15  sec... 
Blown  33.2  sec. 

Blown  9  sec 

Blown  4  sec 


Blown  1  min.  58  sec. 
Blown  1  hr.  22  min.. 
Blown  2  hr.  10 min.. 

Blown  55  sec 

Blown  14  min 


Blown  13  min 

Not  blown  1  hr,  7  min. . 
Not  blown  1  hr.  30  min. 

Not  blown  2  hr 

...  do 

Not  blown  2  hr.  45  min. 

Not  blown 

Not  blown  1  hr 

Blown  45.6  sec 

Blown  15  sec 

Blown  10  sec 

Blown  li  sec 


Not  blown  1  hr 

Not  blown  2  hr 

do 

do 

Not  blown  2  hr.  15  min. 
Not  blown  1  hr.  15  min. 

Blown  7  sec 

Blown  10  sec 

Blown  27  sec 


112 
112 
52 
34 
75 
45 
39 
112 
45 


97 
89 
88 
63 
56 
55 


"Maker:  B=Bussman  Manufacturing  Co..  St.  Louis,  Mo.:  E=  Economy-  Fuse  &  Manufacturing  Co.. 
Chicago.  111.;  E  F=  Electric  Fusejuard  Co..  Providence.  R.  I.;  K=Kartinan  Engineering  Co..  New 
York.  N".  v.;  M=  Metropolitan  Engineering  Co..  Brookl\'n,  N.  Y.:  M  R=Multi  Refillable  Fuse  Co., 
Chicago,  111-:  N=National  Refillable  Fuse  Co.,  Chicago',  III.;  S=Star  Fuse  Co.,  New  York,  N.  Y.; 
U=  United  Electric  Supply  Co.,  Brooklyn,  N.  Y. 

t>  Not  standard. 
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TABLE  1— Continued 

Comparison  of  Economy  and  "Approved"  Fuses  Tested  by  Underwriters'  Labora- 
'      tories  (Inc.) — Continued 

250-VOLT  FUSES— Continued 


Elec. 
No. 

Date 

Num- 
ber 
tested 

Rating 

Load, 

per  cent 

rating 

Maker 

Maximum  time  to  open 
circuit 

Maximum 
tempera- 
ture rise 
before 
blowing 

3408 

May 
Sept. 
Mar. 

May 
Sept. 
Mar. 

Sept. 
May 
Sept. 
Dec. 
Dec. 
Jan. 
June 
Mar. 

May 
Sept. 
Dec. 
Dec. 
Jan. 
Mar. 
June 

Sept. 
May 
Sept. 
Dec. 
Dec. 
Mar. 
June 

Sept. 

May 
June 
Feb. 

May 
Feb. 

May 
Feb. 

Sept. 
Mar. 
Sept. 
Dec. 
Feb. 
June 

Sept. 
Mar. 
Sept. 
Feb. 
June 
Dec. 

May 
Feb. 

May 
Feb. 

May 
Feb. 

Sept. 

May 

Mar. 

Sept. 

Dec. 

Dec. 

Jan. 

Feb. 

June 

20,1914 
8,1914 
1,1915 

20,1914 

8,1914 

1,1915 

18,1912 

20,1914 

8,1914 

2,1914 

28,1914 

29,1915 

1,1915 

3,1913 

20,1914 
8,1914 
2,1914 
28,1914 
29,1915 
3, 1913 
1,1915 

18,1912 
20,1914 
8,1914 
2,1914 
28,1914 
3,1913 
1,1915 

8,1914 

20,1912 
29,1915 
24,1915 
20,1912 
24,1915 
20,1912 
24, 1915 
18,1912 

3,1913 
25,1914 

2.1914 
24,1915 

1,1915 

18,1912 
3, 1913 

25,1914 

24,1915 
1,1915 

28,1914 

20,1914 
24,1915 

20,1914 
24,1915 

20,1914 
24,1915 
18,1912 

20. 1914 
3.1913 

25,1014 

2,1914 

28,1914 

29. 1915 
24,1915 

1,1915 

4 
6 
4 

4 
6 
4 

6 
4 

6 
13 
6 
6 
6 
3 

4 
6 
3 
6 
3 
3 
6 

4 
4 
6 
3 
6 
3 
6 

4 

8 
4 
6 
4 
6 
4 
6 
6 
3 
6 
4 
6 
6 

4 
3 
6 
6 
6 
6 

4 
6 

4 
6 

4 
6 

6 
4 
3 
6 
4 
7 
4 
6 
6 

Amp. 

25 
25 
25 

25 
25 
25 

30 
30 
30 
30 
30 
30 
30 
30 

30 
30 
30 
30 
30 
30 
30 

30 
30 
30 
30 
30 
30 
30 

30 

35 
35 
35 

35 
35 

35 
35 

45 
43 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 

55 
55 

55 
55 

55 
55 

60 
60 
60 
60 
60 
60 
60 
60 
60 

125 
125 
125 

110 
110 
110 

150 
150 
150 
150 
150 
150 
150 
150 

125 
125 
125 
125 
125 
125 
125 

110 
110 
110 
110 
110 
110 
110 

100 

ISO 
150 
150 
125 
125 

110 
110 
150 
150 
150 
150 
150 
150 

110 
110 
110 

no 

110 
110 

150 
150 

125 
125 

110 
110 

150 
150 
150 
150 
150 
150 
150 
150 
150 

E 
K 

N 

E 
K 

N 

E 

E 

K 
MR 

U 

B 
EF 

U 

E 

K 
MR 

U 

B 

U 
E  F 

E 

E 

K 
MR 

U 

U 
EF 

E 

E 
B 
K 

E 
K 

E 
K 

E 

U 

S 
MR 

K 
E  F 

E 
U 
S 
K 
E  F 
U 

E 
K 

E 
K 

E 
K 

E 

E 

U 

S 
MR 

U 

B 

K 
EF 

Blown  4  min 

•F 

3654 

0  4199 

3408 

Not  blown  in  1  hr 

110 

3654 
a  4199 

Not  blown  2  hr.  10  min 

Not  blown       

102 
168 

3408 

3408 

Blown  12  sec 

3654 

4154 

Blown  76.6  sec 

3542 

4273 

Blown  2  min.  5  sec 

3716 

Blown  55  sec       

3542 

Blown  16  sec 

3408 

Blown  4  min.  12  sec 

3654 

4164 

3542 

4273 

3542 

Blown  2  min.  20  sec 

101 

3716 

70 

3408 

3408 

do 

3654 

Not  blown  2  hr 

120 

4164 

3542 

Not  blown  2  hr 

120 

3542 

3716 

Not  blown  1.5  hr 

74 

3408 

119 

3408 

Blown  17  sec 

4273 

3654 

Blown  33  sec 

3408 

3654 

3408 
3654 

Not  blown  1  hr.  7  min 

64 

3408 

3542 

Blown  45  sec 

3578 

4164 

3654 

3716 

3408 

112 

3742 
3578 

Not  blown  1  hr.  15  min 

104 
85 

3654 

do 

90 

3716 

do 

87 

3542 
3408 

do 

93 

3654 

3408 

Blown  7  min.  19  sec  

3654 

3408 

Not  blown  1  hr 

122 

3654 

104 

3408 

3408 

Blown  4  5  sec    

3542 

3578 

Blown  26  sec 

4164 

3542 

4273 

Blown  1  min.  29  sec 

3654 

3716 

Blown  1  min.  4  sec 

42812°— 16 


"  Not  standard. 
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TABLE  1— Continued 

Comparison  of  Economy  and  "Approved"  Fuses   Tested  by  Underwriters'  Labora- 
tories I,  Inc. ) —Continued 

250-VOLT  FUSES— Continued 


Elec. 
No. 


Dale 


Num- 
ber 
tested 


Rating 


Load, 

per  cent 

rating 


Maker 


Maximum  time  to  open 
circuit 


Maxiuium 
tempera- 
ture rise 
before 
blowing 


3408 
3542 
3578 
3542 
3654 
3716 

3408 
3408 
3542 
3578 
3542 
3654 
3716 

3408 
3542 

3408 
3674 
4273 
3654 

3408 
3654 

3408 
3408 
3542 
3674 
3542 
4273 
3654 
3716 

3408 
3542 
3674 
3542 
3654 
3716 

3408 
3408 
3542 
3674 
3542 
3654 
3716 
3408 

3408 
4273 
3654 

3408 
3654 

3408 
3408 
3542 

3542 
4273 
3654 
3716 

3408 
3542 
3542 
3654 
3716 
3408 
3408 
3542 


May 
Mar. 
Sept. 
Dec. 
Feb. 
Feb. 

Sept. 
May 
Mar. 
Sept. 
Dec. 
Feb. 
June 
Sept. 
Mar. 

Sept.  18 

Oct.  24 

June  29 

Feb.  24 


Sept. 
Feb. 

Sept. 
Aug. 
Mar, 
Oct. 
Dec. 
Jan. 
Feb. 
June 

Aug. 
Mar. 
Oct. 
Dec. 
Feb. 
June 

Sept. 
Aug. 
Mar. 
Oct. 
Dec. 
Feb. 
June 

Aug. 

Sept. 
Jan. 
Feb. 

Sept. 
Feb. 


Sept.  18, 
Aug.  19 
Mar.     3 


Dec. 
Jan. 
Feb. 
June 

Aug. 
Mar. 
Dec. 
Feb. 
June 

Sept. 
Aug. 
Mar. 


1914 
1913 
1914 
1914 
1915 
1915 

1912 
1914 
1913 
1914 
1914 
1915 
1915 
1912 
1913 

1912 
1914 
1915 
1915 

1912 
1915 

1912 
1914 
1913 
1914 
1914 
1915 
1915 
1915 

1914 
1913 
1914 
1914 
1915 
1915 

1912 
1914 
1913 
1914 
1914 
1915 
1915 

1914 

1912 
1915 
1915 

1912 
1915 

1912 
1914 
1913 

1914 
1915 
1915 
1915 

1914 
1913 
1914 
1915 
1915 

1912  i 
1914 

1913  I 


Amp. 
60 
60 
60 
60 
60 
60 

60 
60 
60 
60 
60 
60 
60 

60 
60 

75 
75 
75 
75 

75 
75 

100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 


125 
125 
125 

125 
125 

200 
200 
200 

20O 
200 
200 
200 

200 
200 
200 
200 
200 

200 
200 
200 


125 
125 
125 
125 
125 
125 

no 

110 
110 
110 
110 
110 
110 

100 

100 

150 
150 
150 
150 

110 
110 

150 
150 
150 
150 
150 
150 
150 
150 

125 
125 
125 
125 
125 
125 

110 
110 
110 

no 
no 
no 
no 


150 
150 
150 

no 
no 

150 
150 
150 

150 
150 
150 
150 

125 
125 
125 
125 
125 

no 
no 
no 


E 

u 
s 
u 

K 

EF 

E 
E 
U 
S 
U 
K 
EF 

E 

U 

E 
M 
B 
K 
E 
K 

E 
E 
U 
M 

u 

B 
K 

EF 

E 
U 
M 
V 
K 
EF 

E 
E 
U 
M 
U 
K 
E  F 


E 
B 

K 

E 
K 

E 
E 

U 

U 

B 

K 

E  F 

E 
U 
U 
K 
E  F 

E 
E 
U 


Blown  16  min 

Blown  7  min.  10  sec. 

Blown  1  hr 

Blown  22  min 

Blown  1  hr.  20  min. . 
Blown  20  min 


Not  blown  1  hr 

....do ■-. 

Not  blown  2  lir.  5  min , . 
Not  blown  2  hr.  15  min. 

Not  blown  2hi 

....do 

Not  blown  1  hr.  45  min. 

Not  blown  1  hr 

Not  blown  1  hr.  5  min. . 

Blown  60.6  sec 

Blown  55  sec 

Blown  2  min.  3  sec 

Blown  1  min.  19  sec 

Not  blown  1  hr 

Not  blown  2hr 


Blown  51.6  sec 

Blown  22.5  sec 

Blown  3  min.  45  sec . . 

Blown  2  min 

Blown  3  min.  45  sec. . 
Blown  2  min.  36  sec. . 
Blown  1  min.  33  sec. 
Blown  1  min,  5  sec . . . 

Blown  7  min.  45  sec . . 
Blown  40  min.  10  sec. 

Blown  30  min. 

Blown  1  hr.  35  min. . . 

Blown  29  min 

...-do 


Not  blown  1  hr 

do 

Not  blown  1  hr.  20  sec. . 
Not  blown  1  hr.  45  min. 

Not  blown  2  hr 

do 

Not  blown  1  hr.  15  min. 

Not  blown  1  hr 

Blown  2  min.  22  sec 

Blown  4  min.  6  sec 

Blown  3  min.  48  sec 

Not  blown  1  hr 

Not  blown  2  hr 


Blown  2  min.  22  sec . . 

Blown  37  min 

Blown  5  min.  54  sec. . 

Blown  2  min.  5  sec... 
Blown  3  min.  49  sec. . 
Blown  2  min.  29  sec . . 
Blown  3  min.  15  sec. 

Blown  16  min 

Blown  33  min.  35  sec. 

Blown  58  min 

Blown  26  min 

Blown  23  min 

Not  blown  1  hr 

do 

Not  blown  1.25  hrs . . . 
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TABLE  l—Continued 

Comparison  of  Economy  and  "Approved"  Fuses  Tested  by  Underwriters'  Labora- 
tories (Inc.) — Continued 

250-VOLT  FUSES— Continued 


Elec. 
No. 

Date 

Num- 
ber 

tested 

Rating 

Load, 

per  cent 

rating 

Maker 

Maximimi  time  to  open 
circuit 

Maximum 
tempera- 
ture rise 
before 
blowing 

3542 

Dec.    28,1914 
Feb.    24,1915 
June     1, 1915 

Sept.   18,1912 
Sept.    18,1912 

6 
6 
6 

6 
4 

Amp. 

200 
200 
200 

250 
250 

110 
110 
110 
150 

no 

U 
K 
EF 

E 
E 

°F 

120 

3654 
3716 

do 

do     . 

130 
145 

3408 

Blown  58  sec 

3408 

Not  blown  1  hr 

88 

600-VOLT  FUSES 


3408 

Aug. 
Sept. 

Aug. 
Sept. 

Aug. 
Sept. 

Aug. 
Mar. 
Sept. 
June 

Aug. 
Mar. 
Sept. 
June 

Aug. 
Mar. 
Sept. 
June 

Aug. 
Mar. 
June 

Aug. 
Mar. 
June 

Aug. 
Mar. 
June 

19, 1914 
8,1915 

19,1914 
8,1915 

19,1914 
8,1914 

19,1914 
3,1913 
8.1914 
1, 1915 

19,1914 
3,1913 
8,1914 
1,1915 

19,1914 
3,1913 
8,1914 
1,1915 

19,1914 
3,1913 
1,1915 

19,1914 
3,1913 
1,1915 

19,1914 
3,1913 
1,1915 

5 
6 

4 
6 

4 
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SHORT-CIRCUIT  TESTS 

The  evidence  submitted  by  the  Underwriters'  Laboratories  in- 
dicated that  in  general  the  performance  of  the  250-volt  fuses  on 
short-circuit  tests  was  satisfactory,  although  certain  of  the  600- 
volt  types  were  reported  as  having  failed. 

It  appears  from  the  foregoing  evidence  submitted  by  the  Under- 
writers' Laboratories  that  they  have  withheld  approval  of  the 
250-volt  Economy  fuse  solely  because  this  fuse  is  designed  to  be 
readily  refilled  by  the  user;  and  it  has  been  consistently  held  by 
the  electrical  committee  of  the  National  Fire  Protection  Associa- 
tion that  fuses  of  this  character  should  not  be  approved  because 
of  the  greater  probability  of  misuse  of  such  fuses  in  service  than  of 
fuses  that  are  difficult  to  refill  by  the  user. 
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IV.  REPORT  OF  HEARING  HELD  AT  BUREAU  OF  STANDARDS 

JULY  8,  1915 

REPRESENTATIVES  PRESENT  AT  HEARING 

A  hearing  was  had  on  the  appeal  of  Undervvxiters'  Laboratories 
(Inc.)  and  Economy  Fuse  &  Manufacturing  Co.  to  the  Bureau  of 
Standards,  before  the  following  representatives  of  the  Bureau: 
Dr.  S.  W.  Stratton,  director;  Dr.  E.  B.  Rosa,  chief  physicist;  W.  J. 
Canada,  electrical  engineer;  Burton  McCoUum,  electrical  engineer; 
H.  B.  Brooks,  associate  physicist,  and  F.  W.  Glading,  associate 
electrical  engineer. 

Present  on  behalf  of  Underwriters'  Laboratories  (Inc.) :  W.  H. 
Merrill,  manager;  Dana  Pierce,  electrical  engineer;  and  Darrell  S. 
Boyd,  counsel. 

Present  on  behalf  of  Economy  Fuse  &  Manufactimng  Co. :  A.  L. 
Eustice,  president;  R.  J.  Foote,  counsel;  H.  M.  Huxley,  patent 
counsel;  Prof.  H.  E.  Clifford,  electrical  expert;  and  A.  B.  Mallory, 
chief  engineer. 

Present  also:  Guy  Cunningham,  84  State  Street,  Boston,  Mass., 
representing  manufacturers  of  approved  fuses;  H.  R.  Sargent, 
General  Electric  Co.,  Schenectady,  N.  Y.;  C.  E.  Skinner,  engineer, 
research  division,  Westinghouse  Electric  &  Manufacturing  Co., 
Pittsburgh,  Pa.;  C.  A.  Bates,  electrical  engineer,  Br}^ant  Electric 
Co.,  Bridgeport,  Conn. ;  G.  S.  Lawler,  electrical  engineer,  and  H.  O. 
Lacount,  assistant  secretar}^  inspection  department.  Associated 
Factory  Mutual  Fire  Insurance  Co.,  Boston,  Mass.;  Louis  W. 
Downes,  general  manager  D.  &  W.  Fuse  Co.,  Pro^^dence,  R.  I.; 
Dr.  A.  S.  McAUister,  editor.  Electrical  World,  239  West  Thirty- 
ninth  Street,  New  York,  N.  Y. ;  A.  F.  Daum,  Daum  Manufactur- 
ing Co.,  Pittsburgh,  Pa.,  and  M.  Hirsch,  assistant  examiner,  United 
States  Patent  Office. 

OPENING  STATEMENT  BY  DR.  S.  W.  STRATTON,  DIRECTOR  OF  THE 
BUREAU  OF  STANDARDS 

Dr.  STR-i^TTON.  The  meeting  this  morning,  gentlemen,  marks  rather  a  imique  point 
in  the  history  of  the  Bureau  of  Standards.  WTien  the  Bureau  was  established  its  func- 
tions were  defined  in  terms  sufficiently  broad  to  cover  most  of  the  cases  that  might 
arise ;  but  necessarily  the  first  effort  of  the  Bureau  was  confined  to  the  development  of 
standards  of  measurement,  because  all  standards,  whether  they  be  standards  of  quality 
or  standards  of  performance,  or  whatever  they  are,  would  necessarily  depend  upon 
measurement.  It  was  soon  found,  however,  in  connection  incidentally  wiih  Govern- 
ment purchases  that  tlie  field  of  specifications  must  be  entered.  Our  work  of  this  kind 
was  confined  at  first  to  the  Government  service,  and  certainly  the  Government  service 
needed  tliis  sort  of  work.  Hence,  just  as  rapidly  as  consistent  with  tlie  development 
of  standards  of  measurement,  good  work,  and  the  force  and  equipment  at  our  disposal, 
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the  question  of  materials  was  first  taken  up  with  a  view  of  assisting  in  placing  Govern- 
ment purchases  on  a  proper  and  businesslike  basis.  Of  course  it  was  not  thought  that 
this  would  be  confined  eventually  to  the  Government  service,  but  it  was  well  enough 
to  begin  in  that  way  and  to  work  out  the  standards,  methods  of  measurement,  and 
specifications  in  connection  with  our  own  work. 

Likewise,  from  time  to  time,  almost  from  the  beginning  of  the  Bureau,  the  Govern- 
ment has  insisted  that  we  take  up  questions  pertaining  to  the  performance  of  apparatus, 
and  for  lack  of  a  better  term  I  have  frequently  referred  to  this  as  "standards  of  per- 
formance." This,  as  you  readily  know,  depends  upon  standards  of  measurement  and 
standards  of  material ;  both  enter  into  it  besides  many  other  complicated  questions. 

One  of  the  first  cases  that  came  to  the  Bureau  from  the  outside  in  connection  with 
standards  of  performance  was  from  the  Underwriters'  Laboratories  in  Chicago.  There 
were  many  conferences  between  the  two  bureaus;  the  work  of  these  two  bureaus  is 
very  closely  related.  We  were  approached  by  that  organization  to  assist  them  in  the 
standardization  of  many  kinds  of  apparatus;  that  is,  we  were  asked  if  the  Bureau 
would  take  the  position  of  passing  upon  types  of  apparatus  when  necessary,  which  is 
another  way  of  saying  the  same  thing.  There  has  been  a  great  deal  of  informal  corre- 
spondence back  and  forth,  and  while  the  Bureau  has  been  represented  on  tlie  council 
and  has  a  word  to  say  in  most  of  their  findings,  this  is  the  first  instance  in  which  the 
decision  of  the  Laboratories  has  been  referred  to  the  Bureau.  It  not  only  marks  an  im- 
portant period  in  the  Bureau's  history,  but,  to  my  mind,  is  an  indication  of  a  change 
that  is  going  on  all  over  the  countr)',  a  very  important  change,  and  that  is,  to  break 
away  from  tfiese  exceedingly  expensive  and  senseless  legal  fights  regarding  technical 
matters,  nine-tenths  of  which  can  be  settled  if  scientific  men  and  engineers  will  gei 
together  and  honestly  endeavor  to  find  out  the  facts  and  to  settle  the  question  upon 
those  facts  and  the  facts  alone. 

We  are  not  yet  fully  equipped  for  this  work;  that  must  come  later.  If  we  are  to  go 
into  tliis  work  in  the  fullest  sense,  which  I  think  we  shall  in  time,  provision  must  be 
■  made  for  it  by  Congress.  I  believe  that  will  be  done,  but  oiu-  disposition  is  to  go  as 
far  as  we  can  in  the  way  of  assisting  the  public  to  bring  about  these  decisions  in  a  fair 
and  equitable  way,  and  that  is  the  object  of  this  meeting  this  morning.  All  of  the 
parties  concerned  have  agreed  to  submit  this  to  the  Bureau. 

Keep  in  mind  that  the  Bxu-eau  does  not  expect  to  be  able  to  settle  these  questions 
arbitrarily,  not  to  set  itself  up  as  a  power  above  which  tliere  is  notliing  fiu-ther,  but 
merely  the  instrument  for  bringing  together  all  of  tlie  facts  that  exist  and  for  originat- 
ing such  investigations  as  may  be  necessary  to  bring  out  additionol  facts  and  to 
verify  measurements  about  which  there  may  be  a  question.  With  your  assistance 
and  with  tlie  assistance  of  our  technical  experts  throughout  the  laboratories,  we  hope 
to  be  able  to  reach  decisions  of  this  kind  which  ^vill  be  fair  and  just  to  all  concerned 
and  which  will  avoid  much  expensive  and  needless  litigation. 

As  to  the  details  of  this  particular  case,  we  are  to  hear  from  Dr.  Rosa  and  from 
Mr.  Merrill  (of  the  Underwriters  Laboratories)  and  the  manufacturers  who  are  present. 
Dr.  Rosa  has  organized  this  investigation  by  the  appointment  of  a  committee  of  the 
men  in  the  Bureau  who  are  deemed  to  be  the  best  equipped  to  handle  it,  and  he  will 
now  tell  you  of  the  methods  they  have  pursued,  and  in  a  general  way  will  conduct  the 
investigation  with  the  aid  of  this  committee. 

STATEMENT  OF  DR.  E.  B.  ROSA,  CHIEF  PHYSICIST  OF  THE  BUREAU  OF 

STANDARDS 

Dr.  Rosa.  The  matter  before  us  for  consideration  to-day  is  an  appeal  from  decisions 
of  the  L^nderwriters '  Laboratories  concerning  a  certain  make  of  refillable  cartridge  fuse. 
The  case  was  brought  to  the  Bureau  on  May  13  by  the  Economy  Fuse  &  Manufacturing 
Co.  and  the  Underwriters'  Laboratories,  jointly.  The  object  of  the  public  hearing 
of  to-day  is,  first,  to  enable  the  Bureau  to  state  to  the  manufactiu-ers  of  various  types 
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of  inclosed  fuses,  and  others  interested,  the  manner  of  conducting  the  appeal,  indi- 
cating the  kind  of  evidence  which  has  been  supplied  to  the  Bureau  and  the  inde- 
pendent studies  and  inspections  that  are  being  made  by  the  Bureau;  and  second,  to 
give  manufacturers  and  inspectors  and  the  public  generally  an  opportimity  to  submit 
additional  evidence  bearing  upon  the  question.  The  Bureau  is,  of  course,  very 
anxious  to  have  the  fullest  information  on  both  sides  of  the  question. 

At  a  meeting  held  in  Chicago  on  May  27  between  representatives  of  the  Bureau  of 
Standards  and  of  the  Economy  Fuse  &  Manufacturing  Co.  and  of  the  UnderwTiters' 
Laboratories,  it  was  arranged  that  a  public  hearing  should  be  held  at  the  Bureau  of 
Standards  on  the  subject  imder  consideration,  to  which  hearing  the  manufacttu'ers 
of  all  types  of  c;irtridge  fuses  should  be  invited  as  well  as  the  electrical  inspectors  of 
the  various  insurance  organizations  and  municipalities.  It  was  understood  that  all 
evidence  submitted  or  statements  made  should  be  checked  or  investigated  by  the 
Bureau  as  it  sees  fit,  and  that  the  Bureau  should  make  any  independent  experiments 
or  inspections  that  it  may  think  necessary.  The  question  as  formulated  jointly  at 
this  meeting  is  as  follows: 

Has  it  been  shown  that  the  use  of  the  fuses  manufactured  by  the  Economy  Fuse  & 
Manufacturing  Co.  results  in  no  greater  fire  or  accident  hazzard  than  the  use  of  other 
cartridge-inclosed  fuses  at  present  listed  as  statulard  by  Underwriters'  Laboratories? 

"Has  it  been  shown  that"  was  understood  to  mean  "Has  it  been  shown  by  the 
manufacturers  of  the  Economy  fuse,  by  the  testimony  of  users  and  inspectors,  by  the 
experiments  and  inspections  of  the  Bureau  of  Standards,  and  by  all  other  evidence 
available,  including  that  offered  by  the  manufacturers  of  other  fuses,  that,"  etc. 

The  question  has  reference  only  to  ferrule  and  knifeblade  types  of  fuses  of  400  volts 
and  under,  these  types  having  been  tested  and  reported  upon  by  the  Underwriters' 
Laboratories.  (This  was  modified  later  to  include  600-volt  fuses,  as  stated  in  the 
r^sumd  of  the  work  given  at  the  beginning  of  this  report.) 

On  June  10  a  circular  letter  was  sent  out  by  the  Bureau  of  Standards  announcing 
the  hearing  and  tlie  question  rnider  consideration,  and  stating  that  written  communi- 
cations would  be  received  by  the  Bureau  in  lieu  of  personal  attendance  from  anyone 
having  information  bearing  on  the  question  at  issue.  The  Economy  Fuse  &  Manu- 
facturing Co.  has  placed  in  oiu-  hands  a  considerable  number  of  letters,  affidavits, 
and  other  material,  and  the  L^nderwriters'  Laboratories  have  supplied  us  with  the 
results  of  a  large  number  of  tests  conducted  by  them  on  various  types  of  inclosed 
fuses.  The  Underwriters'  Laboratories  also  made  a  series  of  fuse  tests  in  our  presence, 
to  show  the  details  of  the  method  of  testing  and  the  performance  under  severe  con- 
ditions of  test  of  a  number  of  different  makes  of  inclosed  fuses,  of  several  different 
capacities,  including  both  refillable  and  nonretillable  types. 

We  also  have  the  results  of  a  large  number  of  tests,  made  upon  different  tj'pes  of 
inclosed  fuses  by  a  disinterested  testing  laboratory,  the  tests  having  been  made  for 
the  manufacturers  of  the  Economy  fuse.  The  company  tliat  made  tliese  tests  stipu- 
lated that  the  results  should  not  be  published,  and  that  it  should  not  become  involved 
in  any  controversy  over  the  question,  but  it  has  supplied  the  Bureau  of  Standards 
with  a  copy  of  the  tests  and  the  results  obtained  for  its  information  in  connection  with 
this  case.  These  tests  include  a  very  large  number  which  were  made  with  an  oscillo- 
graph in  circuit  in  such  a  way  as  to  measure  the  instantaneous  values  of  the  current 
and  of  tlie  voltage  at  the  terminals  of  the  fuse,  and  to  show  in  each  case  the  duration 
of  the  process  of  blowing  the  fuse;  i.  e.,  they  show  the  time  elapsing  from  the  instant 
the  current  begins  until  it  ends,  and  also  the  time  from  the  moment  tliat  the  fuse 
melts  and  the  arc  begins  (when  the  voltage  suddenly  rises)  until  the  current  ceases. 
The  resistance  in  the  circuit  was  recorded  in  each  case  and  Uie  reactance  in  most  cases, 
and  the  cur\'es  show  the  effect  of  reactance  upon  the  duration  of  the  momentary  current 
which  blows  the  fuse.  These  tests  were  made  under  extreme  conditions  of  short 
circuit,  the  kilowatt  capacity  of  the  source  of  current  being  very  great  and  Uie  resist- 
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ance  very  small,  in  some  cases  the  instantaneous  current  blowing  a  loo-ampere  fuse 
being  more  than  10  000  amperes  and  the  duration  of  the  current  less  than  o.  01  of  a 
second.  We  have  measured  on  these  curves  the  instantaneous  values  of  current  and 
voltage,  and  thereby  obtained  the  instantaneous  power  in  kilowatts  which,  integrated 
through  tlie  period  of  blowing  the  fuse,  gives  the  total  amount  of  energy  expended 
upon  the  fuse.  We  have  done  this  upon  50  or  more  oscillograph  records  for  six  or 
eight  different  makes  of  fuses,  all  of  the  same  rating,  and  have  tlius  obtained  some 
very  interesting  information.  In  some  makes  of  fuses,  the  dtiration  of  the  blowing  of 
the  fuse  is  very  much  shorter  and  the  energy  expended  less  on  an  average  than  in 
other  makes  for  the  same  capacity  of  fuse.  Wherever  an  arc  persists  the  oscillograph 
records  it  accurately,  and  some  makes  of  fuse  show  a  greater  tendency  than  others  for 
an  arc  to  persist  for  a  few  hundredths  of  a  second. 

We  have  also  made  experiments  in  our  own  laboratories  on  a  considerable  number 
of  fuses  of  several  different  makes.  The  source  of  current  had  smaller  capacity  and 
the  resistance  was  greater,  the  conditions  corresponding  more  nearly  to  average  working 
conditions  than  tlie  test  just  mentioned,  which  was  made  under  extreme  short-circuit 
conditions.  Instead  of  an  oscillograph  to  record  the  instantaneous  current  and 
voltage  we  have  used  a  wattmeter  with  a  weighted  needle  the  deflection  of  which  is 
momentary  (like  a  ballistic  galvanometer)  and  which  integrates  the  power  for  the 
period  of  blowing  the  fuse,  thereby  giving  in  a  single  deflection  a  measure  of  the 
energy  expended  upon  a  fuse.  It  has  been  very  interesting  to  compare  the  watt- 
meter deflections,  which  are  proportional  to  the  energy,  with  the  noise  and  character 
of  the  explosion  accompanying  the  blowing  of  the  fuse.  Some  makes  of  fuses  are 
much  more  imiform  in  their  behavior  than  others,  and  there  is  a  considerable  differ- 
ence in  the  average  amount  of  energy  required  to  blow  tlie  different  makes  of  fuses  of 
a  given  capacity,  as  was  stated  above  in  the  experiments  made  in  another  laboratory 
where  the  oscillograph  records  were  taken.  On  alternating  current  the  same  fuses 
vary  widely  in  tlie  violence  of  blowing,  according  to  whether  the  ctirrent  is  broken 
when  there  is  a  large  amount  of  energy  in  the  alternating-current  circuit  or  a  small 
amount,  i.  e.,  it  is  a  matter  of  chance  as  to  whether  the  current  or  voltage  is  large  at 
the  moment  that  the  fuse  melts  and  is  interrupted  or  whether  it  has  an  intermediate 
value  or  a  zero  value.  Hence,  the  energy  and  violence  of  the  explosion  may  vary 
through  wide  limits  on  fuses  which  are  identical  in  construction.  This  well-known 
fact  is  clearly  explained  by  the  oscillograph  records.  A  very  large  amount  of  other 
information  has  also  been  obtained  from  the  laboratory  experiments  which  have  been 
made  here  in  the  Bureau  and  at  the  otlier  laboratory  referred  to.  These  facts  are 
cited  here  in  order  to  show  that  the  consideration  of  this  question  is  being  made  in 
the  light  of  full  experimental  evidence. 

We  have  also  consulted  with  a  considerable  number  of  insurance  and  municipal 
inspectors,  and  have  some  specimens  of  cartridge  fuses  of  various  makes  that  have.been 
collected  by  these  inspectors  in  the  course  of  their  work  which  have  been  improperly 
refilled  or  made  inoperative.  We  have  received  some  letters  from  such  inspectors  in 
addition  to  those  which  have  been  supplied  by  the  appellant  company.  In  order  to 
secure  some  first-hand  information  with  regard  to  the  use  of  cartridge  fuses,  we  have 
visited  a  number  of  establishments  where  a  considerable  number  of  fuses  are  used  and 
which  employ  competent  engineers  to  take  care  of  the  electrical  machinery  and  to 
handle  the  fuses,  and  have  secured  their  experience  in  the  use  of  different  types  of 
cartridge  fuses.  We  have  also  visited  a  large  number  of  places  in  several  different 
cities  where  fuses  are  used  on  lighting  and  small  power  circuits  and  where  no  com- 
petent attendants  are  employed.  It  has  sometimes  been  stated  that  refillable  fuses 
are  more  likely  to  be  improperly  used  in  sweatshops  and  other  places  of  a  similar 
nature  than  is  a  nonrefiUable  fuse,  and  that  any  type  of  refillable  fuse  would  for  that 
reason  be  more  subject  to  misuse  and  constitute  a  greater  life  and  fire  hazard  than  a 
nonrefiUable  fuse.     In  order  to  secure  information  at  first  hand  upon  this  subject,  we 
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have  given  it  special  attention  in  these  inspections,  and  have  secured  a  large  amount 
of  very  important  information  and  a  considerable  number  of  samples  of  misused  fuses 
in  so  doing.  Further  inspections  of  this  kind  will  be  made  by  the  Bureau  and  the 
testimony  of  inspectors  will  be  welcomed. 

It  is  proposed  to  hear  to-day  any  statements  having  a  direct  bearing  upon  the  ques- 
tion at  issue  from  anyone  who  wishes  to  be  heard.  Unsupported  opinions  or  state- 
ments from  interested  parties  will,  of  course,  have  ven,'  much  less  weight  with  the 
Bureau  than  testimony  of  disinterested  parties  or  proof  of  improper  use  of  fuses,  or 
accidents  or  damage  which  had  been  caused  by  particular  types  of  fuses.  We  have 
received  a  large,  amount  of  testimony  from  disinterested  sources  favorable  to  the 
Economy  fuse.  We  particularly  desire  similar  disinterested  testimony  from  those 
whose  experience  is  unfavorable  to  the  Economy  fuse,  if  there  are  any  considerable 
number  of  such  persons.  We  imderstand  that  about  a  million  of  these  fuses  are  in 
actual  use  at  the  present  time,  some  of  them  having  been  in  use  several  years.  In 
many  cities  their  use  has  been  permitted  for  the  express  purpose  of  acquiring  experi- 
ence with  them,  and  many  municipal  and  insurance  inspectors  have  been  on  the 
lookout  for  trouble.  Hence,  if  serious  trouble  has  frequently  occurred,  it  ought  not 
to  be  difficult  to  secure  disinterested  testimony  concerning  it.  Statements  in  rebuttal 
of  anjiihing  said  to-day  may  be  made  in  writing  at  any  time  within  15  days.  [This 
date  was  later  extended  to  October  15.]  All  such  statements,  together  with  the  infor- 
mation and  testimony  submitted  heretofore  or  brought  out  to-day  will  be  taken  into 
careful  consideration  by  the  Bxu-eau  in  making  up  its  opinion.  It  is  proposed  to 
give  a  rather  full  digest  of  tliis  evidence  in  connection  with  the  decision,  in  order  that 
the  public  may  have  sufficient  ground  on  which  to  form  an  independent  judgment  of 
the  merits  of  the  case. 

STATEMENT  OF  W.  H.  MERRILL,  MANAGER,  UNDERWRITERS'  LABORA- 
TORIES (INC.),  CHICAGO,  ILL. 

Mr.  Merrill.  Mr.  Director  and  members  of  the  staff  of  tlie  Bureau  of  Standards,  I 
feel  that  to-day  you  are  making  history.  More  than  two  years  ago  we  came  to  Wash- 
ington and  outlined  a  plan,  to  which  Dr.  Stratton  has  referred,  and  secured  the  assent 
of  the  Director  to  ser\'e  on  the  coimcil  and  pennission  to  file  otir  records  with  the 
Federal  authorities  as  represented  by  the  Bureau.  It  was  my  hope  and  expectation 
that  a  practical  demonstration  of  the  method  of  appeal  you  have  arranged  for  would 
come  about  within  a  few  weeks  or  months,  or  a  year  at  the  latest.  That  it  has  not 
done  so,  perhaps,  reflects  some  credit  on  the  opinions  which  we  have  registered  in 
respect  to  many  devices  which  have  come  before  us  during  tliat  time.  The  method 
of  appeal  arranged  for  and  beginning  \rith  the  practical  demonstration  to-day  has  been 
free  to  any  manufacturers  who  have  been  in  dispute  \vith  us.  It  has  been  favorably 
accepted  pre\'ious  to  this  instance,  by  three,  who,  after  consideration  of  the  questions 
involved,  failed  to  exercise  their  privileges  and  agreed  to  the  statement  of  facts  as 
we  found  them  in  respect  to  tlieir  appliances.  It  had  seemed  to  me  when  this  matter 
was  first  discussed,  and  it  seems  to  me  to-day,  that  no  branch  of  the  Federal  Govern- 
ment can  perform  a  more  useful  service  than  to  quickly  and  intelligently  and  ade- 
quately and  comprehensively  settle  matters  in  dispute  between  various  citizens  of 
the  country'.  Just  as  it  is  m}-  privilege  as  a  taxpaj'er  to  come  here  with  my  grocer's 
peck  measure  or  my  dry  goods  merchant's  yardstick  and  ask,  with  his  consent,  that 
this  peck  measiu-e  or  this  yardstick  be  compared  with  the  standard  for  the  information 
of  the  two  of  us,  as  taxpayers  who  are  in  dispute  as  to  whetlier  I  am  really  getting  a 
whole  peck  or  a  whole-length  yard,  so  I  conceive  it  is  the  privilege  of  the  Under- 
writers' Laboratories,  a  corporation  of  Illinois,  and  any  manufacturer  or  any  one  of 
its  clients  to  come  here  and  ask  the  privilege  of  the  same  service  in  matters  of  a  tech- 
nical nature  in  dispute  between  them  on  which  tlie  constituted  autliorities  are 
equipped,  tlirough  this  Bureau,  to  give  an  intelligent  opinion;     And,  as  the  Director 
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has  said  this  morning,  it  is  very  much  in  tlie  interest  of  the  people  to  have  a  tribunal 
on  matters  of  tliis  kind  that  understands  something  about  what  the  litigants  are 
trying  to  talk  about. 

VVTien  you  go  into  the  legal  machinery  of  the  States  and  of  the  Nation,  you  are  met 
with  long  delays  prejudicial  to  the  interests  of  the  manufacturer  who  may  be  seeking 
redress.  In  certain  of  the  courts  you  have  to  face  juries,  not  of  intelligent,  educated 
men  versed  in  the  science  of  the  particular  thing  that  may  be  under  consideration, 
but  such  men  as  are  picked  up  in  tlie  street  or  chosen  by  raffle  of  some  kind. 

Another  very  agreeable  thing,  I  believe,  to  all  persons  interested  in  this  movement 
is  the  fact  that  underwriters'  laboratories  and  other  laboratories  tliat  may  seek  this 
privilege,  and  other  largely  disinterested  persons — as,  for  instance,  the  municipal 
authorities  and  the  various  State  authorities  that  are  called  upon  to  pass  upon  ques- 
tions of  this  kind — ^have  no  selfish  interest  in  the  matter  of  their  decision.  They 
have  nothing  to  gain  by  a  wrong  decision.  They  are  only  interested  to  get  at  the 
facts,  and  tlierefore  the  formalities  of  tlie  court  and  the  technical  advantages  that 
are  sometimes  taken  through  legal  procedure,  and  all  that  sort  of  thing,  can  well  be 
done  away  with  as  having  no  interest  whatever  to  the  people  who  come  here  seeking 
the  one  best  opinion  on  a  technical  matter.  There  is  but  one  such  opinion;  there 
can  not  be  two  opinions,  one  at  variance  with  the  other;  one  is  bound  to  be  wrong. 
It  is  only  necessary  to  get  all  the  data,  to  sift  all  the  evidence  that  is  presented,  if 
the  tribunal  is  competent  to  measure  its  importance,  and  to  pass  intelligently  on  the 
technical  questions  involved. 

We  feel  very  strongly  that  we  have  such  a  tribunal  in  the  Bureau  of  vStandards, 
of  which  all  tlie  people  of  the  countrj'  ought  to  be  verj'  proud.  We  feel  that  this 
hearing  to-day  and  others  of  a  similar  character  which  may  come  in  the  future,  through 
our  laboratories  or  other  laboratories  or  State  or  municipal  officials,  who  on  their  own 
account  have  no  means  of  determining  some  of  these  questions  and  must  go  at  it  in 
a  more  or  less  haphazard  way — we  feel  it  is  going  to  mark  a  great  advance  in  a  move- 
ment that  will  prove  of  service  to  every  property  owner  of  this  countrj',  because  a 
wrong  decision  by  a  local  authority,  a  State  authority,  or  the  Underwriters'  Labora- 
tories may  last  for  some  brief  length  of  time,  and  it  may  do  an  injury  both  to  llie 
property  owner  and  to  the  manufacturer  of  tlie  appliance.  But  it  can  not  last  very 
long;  nothing  that  is  wrong  eventually  prevails  in  America.  My  experience  is  that 
those  mistakes  that  are  made  by  inspectors,  laboratories,  State  and  city  officials  and 
others,  all  rectify  themselves  in  time;  the  facts  come  out;  but  there  has  been  no  gen- 
erally utilized  machine  to  bring  those  facts  to  the  surface  promptly  and  intelligently. 
It  has  been  a  long  process  sometimes  to  bring  them  out  by  the  light  of  field  experience 
and  through  the  article  itself  ultimately  proving  its  value  or  lack  of  value. 

I  am  principally  interested  here  to-day  in  this  movement  as  a  matter  of  policy 
and  as  a  step  in  advance,  not  only  as  it  affects  electrical  appliances  but  as  it  affects 
fire  extinguishers,  fire  retarding  appliances,  and  all  sorts  of  manufactured  articles 
that  may  have  any  bearing  on  life  or  accident  hazards.  This  particular  case  is  merely 
incidental . 

I  thank  you  for  the  privilege  of  going  on  record  to-day  in  expression  of  the  opinion 
I  gave  informally  two  or  more  years  ago. 

So  far  as  this  particular  case  is  concerned,  I  would  like  to  ask  the  privilege  of  pre- 
senting our  side  of  it  after  we  have  heard  the  full  presentation' of  the  manufacturers' 
side,  and  give  way  to  Mr.  Foote  for  his  presentation  of  the  case. 

STATEMENT  OF  R.  J.  FOOTE,  COUNSEL,  ECONOMY  FUSE  &  MANUFAC- 
TURING CO.,  CHICAGO,  ILL. 

Mr.  Foote.  Mr.  Director  and  members  of  the  Bureau.  At  the  outset  I  would  like 
to  say  that  the  Economy  Fuse  &  Manufacturing  Co.  have  appreciated  the  importance 
of  this  hearing  as  an  initial  proceeding  of  this  kind,  and  while  the  contention  of  the 
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Laboratories  is  a  very  narrow  one  from  a  personal  point  of  view,  we  have  endeavored 
to  approach  it  from  the  larger  viewpoint  of  a  general  consideration,  as  far  as  the  Bureau 
of  Standards  is  concerned,  of  the  fire  hazard  in  connection  with  fuses,  that  being 
involved  in  the  particular  dispute  which  we  have.  This  company  has  honestly 
been  engaged  in  the  endeavor  to  correct  an  evil  in  the  use  of  fuses  and  to  build  a  fuse 
which  should  be  the  best  of  its  kind  that  ingenuity  and  experimentation  along  scien- 
tific lines  could  produce. 

That  has  been  our  aim,  and  we  have  endeavored  in  every  possible  way  and  spared 
no  expense  to  gain  that  end.  For  that  reason,  in  submitting  otu:  case  to  this  Bureau, 
we  have  endeavored  to  make  it  an  investigation,  not  a  personal  presentation;  and  we 
have  submitted  to  the  Bureau  heretofore,  at  the  preliminary  hearing  in  Chicago,  all 
the  information  which  we  were  able  to  gather,  whether  it  was  for  us  or  against  us, 
and  any  scrap  of  paper  we  have  had  which  was  in  the  nature  of  a  fact  or  an  opinion 
based  upon  fact  has  been  submitted  to  this  Biu'eau. 

But.  of  course,  we  do  have  a  very  definite  question  presented  here  for  a  very  defi- 
nite answer  which  has  a  very  material  meaning  to  us,  and  in  the  light  of  the  fact  that 
this  is  in  the  nature  of  an  arbitration,  there  is  just  one  thing  I  would  like  to  have 
understood.  That  is  that  in  order  that  it  may  be  fair  to  us,  as  we  have  thrown  open 
the  doors  to  the  world  and  stand  alone  against  everj'one,  to  bring  in  any  sort  of  evi- 
dence, any  sort  of  statement,  any  sort  of  opinions  which  will  have  weight  in  the 
determination  of  this  question,  limited  to  statements  of  fact  or  opinions  based  thereon, 
those  facts  to  be  in  such  shape  that  we,  the  Economy  Fuse  &  Manufacturing  Co., 
may  in  the  time  allotted  in  our  agreement  with  the  Bureau  investigate  their  accuracy 
or  truth.  In  other  words,  if  there  are  statements  made  here  based  upon  the  misuse  of 
the  fuse,  it  is  my  desire  to  know  the  name  of  tlie  plant  where  the  occurrence  arose, 
and  tlie  time,  and  the  man  who  gives  the  testimony. 

Of  course  we  have  been  over  some  of  this  with  tlie  Bureau,  but  it  seems  to  me,  in 
view  of  the  large  interest  which  is  taken  in  this  subject,  tliat  it  is  worth  while  (with 
the  Bureau's  consent)  to  outline  completely  the  evidence  which  we  have  to  offer 
and  our  argument  thereon.  The  question  submitted  for  determination  is  one  of  fact. 
It  is: 

Has  it  been  shown  that  the  use  of  the  fuses  manufactiu-ed  by  the  Economy  Fuse& 
Manufacturing  Co.  results  in  no  greater  fire  or  accident  hazard  than  the  use  of  other 
cartridge-inclosed  fuses  at  present  approved  by  the  Underwriters'  Laboratories  (Inc.)? 

These  other  fuses  are  the  following : 

"  Buss" Bussman  Manufacturing  Co.,  St.  Louis. 

"G.  E." General  Electric  Co.,  Schenectady,  N.  Y. 

"Union" Chicago  Fuse  Co.,  Chicago,  111. 

"Arkless" Detroit  Fuse  Co.,  Detroit,  Mich. 

"Shawmut" Chase  Shawmut  Co.,  Newburyport,  Mass. 

"Killark" Killark  Electric  Manufacturing  Co.,  St.  Louis,  Mo. 

"Noark" Johns- Pratt  Co.,  Hartford,  Conn. 

"Bryant" Bryant  Electric  Co.,  Bridgeport,  Conn. 

"D.  &  W." D.  &  W.  Fuse  Co.,  Providence,  R.  I. 

"K.  E." Kirkman  Engineering  Co.,  New  York  City. 

"Metropolitan" Metropolitan  Engineering  Co.,  Brooklyn,  N.  Y. 

"Multi" Multi  Refillable  Fuse  Co.,  Chicago,  111. 

"United" United  Electric  Supply  Co.,  Brookl>-n,  N.  Y. 

"  Westinghouse  " Westinghouse  Electric  &  Manufacturing  Co.,  Pittsburgh,  Pa. 

There  are  some  few  others,  but  they  are,  so  far  as  v/e  have  been  able  to  learn,  used 
so  little  that  samples  are  not  readily  obtainable.  The  principal  ones  are  those  which 
I  have  named,  and  samples  of  each  of  those  fuses  are  here  before  you. 

Each  of  the  foregoing  fuses  is  approved  by  the  Underwriters'  Laboratories  (Inc.), 
and  the  question  is  whether  the  use  of  Economy  fuses  results  in  no  greater  fire  or 
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accident  hazard  tlian  tJie  use  of  any  one  of  the  above  named;  not  some  or  a  favored 
one  or  two,  because  the  question  is  whether  the  Economy  fuse  is  being  discriminated 
against  on  the  question  of  the  relative  fire  hazard  involved  in  the  use  of  the  devices. 

This  question  arises  because,  as  will  be  found  on  reading  tlie  communication  of  tlie 
Economy  Fuse  &  Manufacturing  Co.  of  April  2,  1915,  to  the  Underwriters'  Labora- 
tories which  gave  rise  to  the  question  here,  it  was  shown  that  many  of  the  above 
approved  fuses  are  so  designed  and  constructed  as  to  permit  the  ready  replacement 
of  tlie  fusible  element,  especially  in  the  knife-blade  types,  and  the  reassembly  of  the 
fuse  without  injury  to  any  of  the  parts  by  the  user;  which  results  in  a  positive  invita- 
tion to  the  user  to  refill,  irrespective  of  the  so-called  announced  intent  of  the  design, 
especially  as  many  of  the  fuses  bear  a  printed  label  that  the  fuse  will  be  refilled  by 
tlie  maker,  and  one  company  calls  itself  "Multi  Refillable  Fuse  G)."  The  Labora- 
tories themselves  in  their  published  list  state  that  their  approval  extends  to  fuses 
refilled  by  the  maker. 

The  samples  of  the  fuses  above  mentioned  are  submitted  to  the  Bureau  to  show 
from  simple  inspection  how  easily  they  can  be  renewed.  It  is  not  claimed  that 
these  approved  fuses  as  renewed  by  the  maker  are  tested  for  safety  of  operation,  and 
an  inspection  alone  of  the  fuses  shows  that  they  are  not  so  ruggedly  constructed  as  to 
stand  repeated  renewal,  even  when  skillfully  done.  It  is  also  apparent  from  inspec- 
tion that  the  omission  of  the  filling  material  on  reassembly  would  be  dangerous  because 
of  the  open  ventholes  and  very  tliin  caps. 

What  I  am  giving  now  is  simply  a  general  statement  of  our  case.  Following  that 
I  wish  to  call  attention  to  the  general  extent  of  the  use  of  the  Economy  fuse.  The 
company  has  7080  direct  customers  at  this  time,  and  we  have  furnished  the  Bureau 
with  a  full  alphabetical  list  of  those  customers.  The  diversity  of  use  will  be  found 
from  an  inspection  of  tliat  list.  The  Economy  fuses  are  in  daily  use  in  all  States  of 
the  Union  and  throughout  Canada;  some  in  Russia,  Germany,- France,  and  England, 
and  in  Argentina,  South  America.  The  character  of  tlie  users  will  be  found  to  em- 
brace every  kind  of  industrial  installation,  large  and  small,  steamships  and  railroads. 
The  Economy  fuses  have  been  in  service  for  three  years. 

The  extent  of  tlie  use  is  evidenced  by  the  number  of  Economy  fuses  in  actual 
service.  Without  going  into  too  much  details,  there  have  been  approximately 
500  000  of  the  ferrule  type  without  any  filler,  and  some  400  000  of  the  ferrule  type 
with  the  old  filling  material.  That  is  the  type  we  were  debarred  from  making  some 
two  years  ago. 

There  were  90  000  of  the  knife-blade  type  vnth  the  filler  or  witli  the  asbestos  sleeve, 
both  of  which  have  long  since  been  discarded;  and  130000  of  the  knife-blade  type 
without  the  filler,  giving  a  total  number  of  i  120  000. 

The  frequency  of  operation  is  shown  by  the  sale  of  renewal  links  which  have  been 
furnished  by  the  company,  which  amount  to  3  632  000. 

Fuses  of  older  types,  with  filling  material  or  with  asbestos  sheathing  over  the  link, 
are  rapidly  disappearing  and  being  replaced  with  the  latest  type  with  the  free  drop-out 
link  fuses,  or  air-space  fuses.  A  good  many  of  those  old  types  have  gone  out  of  use 
entirely. 

The  comparative  cost  of  fuses  and  the  cheapness  of  Economy  renewal  elements  and 
the  ease  of  refilling  and  reassembly  are  important.  The  example  taken  is  the  most 
extensively  used  size,  loo-ampere  knife-blade  type,  250  volts. 

A  comparison  there  shows  that  the  present  cost  of  approved  nonrefiUable  fuses,  new, 
is  40  cents.  That  was  recently  reduced,  as  I  understand  it,  by  a  circular,  to  24  cents, 
but  since  that  time,  I  understand,  the  price  has  gone  back  to  almost  40  cents — 38  cents. 

I  want  to  make  our  comparison  on  the  basis  of  tlie  24-cent  price.  The  cost  of  refilling 
by  the  maker,  as  advertised  by  the  maker,  is  16  cents,  not  including  the  returning  in 
standard  packages  for  refilling,  the  return  to  the  user,  nor  the  cost  of  assembly. 
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The  cost  of  an  Economy  fuse  of  the  same  type  is  go  cents,  with  two  renewal  links, 
or  three  operations  at  30  cents  each.  The  renewal  links  cost  5  cents  apiece,  and  we 
have  instances  of  Economy  fuses  being  renewed  as  many  as  75  times  in  actual  use. 
Taking  an  average  of  10  renewals,  which  no  approved  fuse  will  stand,  the  cost  to  the 
user  is  13  cents  apiece.  As  against  that,  10  blow-outs  of  approved  fuses,  ^\^th  the 
utmost  refilling  by  the  maker  which  the  fuse  shell  and  parts  will  stand,  which  would 
be  not  more  than  three  times,  would  make  the  cost  ig  cents  apiece. 

Extent  of  use  and  relative  cost  are  important  factors.  Such  widespread  use  by  such 
important,  carefulljf  conducted  industries  could  not  be  possible  in  the  face  of  the 
enormous  opposition  the  company  has  encountered  from  certain  insurance  organiza- 
tions of  nation-mde  activity,  and  from  competitors  who  have  left  no  stone  tmtumed 
to  stop  the  growth  of  the  company 's  business,  if,  as  it  is  alleged  by  some,  the  Economy 
fuse  is  a  fire  hazard  and  a  dangerous  device,  and  their  use  takes  the  answer  to  the 
question  submitted  out  of  the  realm  of  the  imagination  and  opinion  and  reduces  it  to 
an  easily  ascertained  fact. 

The  comparison  of  cost  shows  the  reason  for  the  constantly  recurring  statement  that 
the  high  cost  of  renewals  is  one  of  the  chief  causes  of  the  dangerous  practice  of  refilling 
so-called  nonrenewable  fuses  and  that  the  cheapness  of  Economy  renewal  links — as 
cheap  as  one-half  cent  in  the  small  sizes — and  ease  of  insertion  are  what  tend  to  reduce 
or  eliminate  this  dangerous  practice. 

The  making  and  selling  of  cartridge-inclosed  fuses  has  been  a  large,  profitable  busi- 
ness, controlled  for  years  by  a  few  strongly  intrenched  companies,  practically  all 
operating  under  licenses  from  one  patent  owner.  It  is,  to  those  who  know  the  real 
facts  of  the  fuse  situation,  not  surprising  that  the  entrance  into  this  supposedly  well- 
walled  field  of  a  device  for  which  there  has  long  been  a  crying  need,  and  one  which  was 
designed  to  overcome  the  verj'  evils  long  recognized  as  flowing  from  the  use  of  then 
known  devices,  should  provoke  a  storm  of  criticism  and  engender  opposition  from 
every  possible  quarter  from  which  it  could  be  made  to  come. 

The  imagination  has  been  racked  and  opinions  based  thereon  emphatically  stated 
as  facts,  often  innocently,  often  intentionally,  to  injure  the  Economy  fuse,  until  if  the 
Economy  fuses  from  actual  experience  with  their  use  secured  imder  the  most  exacting 
conditions  of  watched  use  by  insxirance  inspectors,  unknowTi  to  the  users,  had  not 
completely  demonstrated  the  fallacy  of  all  the  imaginings  and  expert  opinion  based 
thereon,  and  proved  that  they  do  correct  the  evils  attendant  on  the  use  of  approved 
fuses  to  at  least  some  extent,  the  Economy  Fuse  &  Manufacturing  Co.  would  have 
ceased  to  exist  long  ago. 

Therefore  we  say  the  answer  to  the  question  submitted  is  not  to  be  determined  by 
the  announcement  of  opinion,  expert  or  otherwise,  no  matter  how  vehement,  when 
not  based  on  the  facts  of  experience. 

It  is  these  facts  of  the  experience  of  users  of  the  fuses  and  of  insurance  inspectors  who 
have,  without  the  knowledge  of  the  user,  carefully  watched  their  use  with  tlie  pre- 
conceived notion  that  there  were  dangers  to  be  overcome  which  must  determine  the 
question  and  which  are  submitted  herewith. 

Before  setting  forth  the  facts  it  should  be  borne  in  mind  tliat  there  is  a  vast  amount 
of  real  ignorance  existing  in  regard  to  the  dangerous  operation  of  fuses  when  new  and 
the  causes  tlierefor,  and  that  much  faulty  fuse  operation  is  due  to  defective  cut-out 
blocks  and  unknown  circuit  conditions,  which  sometimes  results  in  the  use  of  a  certain 
type  of  fuse  under  conditions  it  was  not  constructed  to  meet. 

We  do  not  contend  that  the  use  of  the  Economy  fuse  will  prevent  intentional  over- 
fusing,  because  in  that  case  a  fuse  is  not  desired.  They  want  a  continuous  circuit, 
and  it  would  be  absolutely  impossible  to  devise  any  fuse  which  would  prevent  bridging; 
even  if  the  caps  were  made  so  that  tliey  were  insulated,  which  could  be  done,  it  is 
hot  protected  at  all,  because  they  solder  a  wire  right  across  the  terminals,  which  is  a 
very  common  practice,  or  solder  across  from  the  actual  copper  terminal  plates.  So 
there  is  no  way  to  prevent  tliat. 
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The  evidence  wc  have  submitted  to  substantiate  the  statement  I  have  just  made 
consists  of  some  15  volumes  which  I  have  filed  here,  which  have  been  accessible  to  the 
Department  for  checking  for  some  time,  and  I  will  read  some  of  them.  First,  I  want 
to  give  the  general  synopsis  of  the  argument. 

The  reason  the  question  submitted  here  arises  is  because  of  two  contentions  on 
the  part  of  the  manufacturers  of  so-called  "nonrefillable"  fuses  of  the  cartridge- 
inclosed  variety,  to  which  class  the  Economy  fuse  belongs,  and  these  contentions  are 
as  follows: 

First,  that  an  inclosed  cartridge  fuse,  such  as  the  Economy,  vnXl  not,  when  properly 
assembled,  operate  in  test,  in  practice  on  the  initial  blow,  or  after  repeated  renewal 
as  safely  as  the  nonrefillable  type. 

Second,  a  fuse  of  the  Economy  design,  which  invites  refusing  and  reassembly  by 
the  ordinary  person  must  of  necessity  be  in  use  so  susceptible  to  improper  reasseml^ly 
as  to  render  it  a  distinct  hazard  as  a  device. 

It  must  follow,  therefore,  that  if  the  Economy  company  can  show  that  the  Economy 
fuse,  as  assembled  at  the  factory  and  put  in  the  hands  of  the  users  and  as  reassembled 
by  them,  in  accordance  witli  the  directions  of  the  company,  operates  at  least  as  safely 
both  in  test  and  in  practice  as  any  other  cartridge-inclosed  fuse — and  that  while  the 
Economy  fuse  is,  of  course,  susceptible  to  improper  assembly,  that  so  also  are  the 
so-called  "nonrefillable"  types,  and  the  actual  fact  is  that  they  are  in  practice  no 
more  frequently  in  any  way  improperly  assembled  than  are  the  present  so-called 
nonrefillable  types — then  it  has  been  shown  that  the  use  of  Economy  fuses  consti- 
tutes no  greater  fire  hazard  than  the  use  of  the  present  inclosed  fuses  listed  by  the 
Unden\Titers '  Laboratories.  •> 

If  it  is  further  shown  that  the  undeniable  tendency  in  the  use  of  Economy  fuses 
is  to  reduce  the  practice  of  overfusing  in  a  great  majority  of  unintentional  cases, 
and  that  by  its  use,  on  account  of  its  special  features  as  to  ease  of  assembly  and  price, 
the  greatest  incentive  for  overfusing  is  removed  by  removing  the  causes  of  cost  of 
carrying  a  sufficient  stock  and  lack  of  accessibility  of  stock,  then  it  has  beenfurtlier 
shown  tliat  the  Economy  fuse  not  only  is  not  a  greater  fire  hazard  than  the  present 
types  of  approved  inclosed  fuses  tut  is  a  distinct  safety  device. 

To  substantiate  those  two  claims  in  general  we  point  out  the  following  evidence: 
On  the  first  point  we  refer  to  the  UnderwTiters '  Laboratories'  tests  and  reports,  of 
which  there  are  three.  We  refer  to  the  tests  made  by  disinterested  experts,  with 
which  the  Bureau  is  familiar,  involving  the  blowing  o^  something  over  3000  fuses, 
covering  a  period  of  two  or  three  months,  in  the  hands  of  as  skilled  individuals  as 
it  is  possible  to  obtain  and  under  the  most  exacting  conditions.  We  refer  to  the 
evidence  of  over  800  users  of  the  fuses.  We  refer  to  the  evidence  of  40  of  the  prin- 
cipal insurance  inspection  departments  in  the  country.  Those  inspection  depart- 
ments cover  the  entire  United  States  in  general,  with  the  exception  of  the 'New 
England  States. 

To  substantiate  the  second  contention — that  is,  that  the  Economy  fuse  is  no  more 
improperly  assembled  than  the  approved  fuses  are  improperly  assembled — we  sub- 
mit the  following:  The  first  proposition  to  be  established  in  regard  to  that  is  that 
the  approved  refillable  fuse  is  abused,  and  that  that  abuse  is  prevalent.  To  sub- 
stantiate that  we  refer  to  the  Underwriters'  Laboratories'  report  of  the  evidence 
furnished  them  from  manufacturers,  statements  of  insurance  inspection  departments, 
and  statements  of  users,  which  show  that  over  42  per  cent  of  the  general  users  of  fuses 
attest  that  they  refill.  Third,  and  last,  any  ordinary  investigation  by  anyone  seeking 
the  information. 

The  reasons  for  this  abuse  are  either  intentional — which  can  not  be  stopped  with 
any  make  of  fuse,  because  a  fuse  is  not  desired  but  a  continuous  circuit — or  unin- 
tentional, which  is  due  primarily  to  the  cost  of  replacing  frequent  blow-outs  with 
new  fuses  and  to  failure  to  have  proper  fuses  hand}',  in  each  the  cost  leading  to  a 
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reluctance  to  carry  a  suflScient  stock  to  be  prepared  for  all  emergencies,  or,  even 
though,  the  stock  be  carried,  the  un«-illingness  of  workmen  to  go  too  far  to  get  a  fuse 
for  replacement  when  the  stock  is  not  accessible. 

The  renewal  principle  alone  applied  to  any  fuse  is  not  susceptible  of  discussion 
on  the  question  of  the  reduction  of  the  fire  hazard  in  view  of  the  kno\%Ti  conditions, 
because  there  is  no  comparison  between  an  actual  nonrefillable  fuse  and  refillable 
one,  the  fact  being  that  all  fuses  as  at  present  designed  are  of  the  refUlable  sort,  the 
difference  being  only  one  of  degree  as  to  ease  of  refilling  and  of  cheapness  as  to  the 
cost.  For  that  reason  the  question  submitted  is  not  one  of  refillable  fuses  against 
so-called  nonrefillable  fuses,  but  as  to  whether  the  Economy  refillable  fuse,  by  reason 
of  its  special  refillable  features,  constitutes  any  greater  fire  hazard  than  the  use  of 
other  tvTjes  of  fuse. 

The  prime  essentials,  then,  in  considering  the  question  from  this  aspect  are  as 
to  whether  the  present  refilling  and  abusing  of  the  present  approved  nonrefillable 
fuses  are  in  a  measure  eliminated  by  the  design  and  construction  of  the  Economy 
fuse,  and  as  to  whether  in  their  use  the  fact  of  this  design  and  construction  and  the 
furnishing  of  the  parts  at  a  cheap  price  does,  in  fact,  tend  to  cause  the  fuse  to  be 
properly  renewed  so  as  to  lessen  the  improper  renewal,  bridging,  etc.,  practiced  with 
the  so-called  nonrefillable  type. 

A  simple  inspection  shows  that  all  the  fuses  with  which  comparison  is  being  made 
are  easily  renewable,  some  being  more  easily  renewed  than  others;  that  the  invi- 
tation to  renew  is  alwaj's  present,  either  from  the  very  nature  of  the  design  or  from 
the  fact  that  the  fuse  bears  a  label  stating  that  it  may  be  renewed,  or  the  name  of 
the  manufactiuing  company  indicating  a  renewable  feature. 

Now,  to  go  back  to  the  first  proposition,  that  the  Economy  fuse  as  assembled  at  the 
factory-  and  put  into  the  hands  of  the  users,  and  as  reassembled  by  them  in  accordance 
with  the  directions  of  the  company,  operates  at  least  as  safely,  both  in  test  and  in 
practice,  as  any  other  cartridge-inclosed  fuse.  The  first  submission  of  om-  fuses  to 
Underwriters'  Laboratories  was  in  the  smnmer  of  1912.  That  was  when  the  fuses 
contained  the  filling  material  and  had  a  different  design  of  cap;  that  is,  the  cap 
screwed  down  onto  the  fiber.  I  wish  to  say  here  that  that  design  was  found  to  be 
faulty.  We  had  frequent  and  numerous  complaints  in  regard  to  the  charring  of  the 
fiber  where  the  cap  screwed  onto  it,  and  for  that  reason  we  eliminated  that  feature 
of  the  fuse  and  fastened  the  cap  permanently  to  the  end  so  that  that  could  not  occm'. 

Almost  every  complaint  in  tliis  great  mass  of  evidence  we  have,  of  which  there  are 
28  out  of  some  800  or  900  as  to  unsatisfactory  performance,  is  traceable  to  that  feature 
which  has  not  existed  for  about  iS  months.  There  are  some  still  in  use,  for  the  reason 
that  we  could  not  deprive  some  users  of  that  kind  of  fuse ,  because  there  are  men  who 
believe  that  a  filling  material  is  an  absolute  essential  to  the  safe  operation  of  the  fuse, 
and  you  can  not  convince  them  otherwise. 

The  fuses  submitted  in  1912  were  of  that  type,  with  the  filling  material  which 
was  objected  to,  and  upon  them  the  Underwriters'  Laboratories  made  a  very  full 
report.  I  do  not  know  whether  it  is  necessary  to  call  attention  to  the  rating  test, 
because  as  to  rating  there  has  never  been  any  dispute,  and  the  Economj'  is  probably 
at  least  as  well  rated  as  any  well-known  fuse.  There  is  nothing  to  disprove  that, 
except  tlie  reports  we  have  from  many  users  that  it  has  been  imderrated.  Their  report 
of  the  result  of  the  short-circuit  test  was  as  follows: 

Shori-Circuit  Test. — In  every  test  in  which  the  fuses  were  properly  assembled, 
the  de-vnces  opened  the  circuit  prompth",  did  not  hold  an  arc,  and  gave  no  external 
e\'idence  of  operation  except  a  slight  puff  of  the  filling  powder.  While  the 
operation  of  tlie  unfilled  fuses  was  not  as  good  as  that  of  the  filled  fuses,  par- 
ticularly as  to  venting  and  noise,  the  results  compared  favorably  with  those 
obtained  with  standard  approved  fuses  tested  at  the  same  time . 

That  is,  L'nderwriters'  Laboratories  in  their  first  report  on  the  design  of  fuses 
reported,  after  a  severe  test,  to  which  they  subject  all  fuses  or  other  material  sub- 


Report  on  Economy  RefiUable  Fuses  47 

mitted  to  them,  that  the  fuses  as  properly  assembled  gave  no  evidence  of  operation 
except  a  slight  puff;  that  then,  to  make  svxe,  they  took  the  filling  material  out  (and 
at  that  time  our  fuse  was  designed  with  that  end  in  view)  and  operated  it  under  test 
conditions  and  found  that  its  operation  tlien  compared  favorably  with  the  other 
approved  makes  of  fuses,  and  so  reported. 

In  November,  1913,  an  injunction  was  issued  against  us  on  the  use  of  a  filling 
material  in  the  fuse.  In  October,  1913,  we  designed  a  fuse  without  the  filling  mate- 
rial, and  no  filling-material  fuses  have  been  used  since  October,  1913,  except  those 
possibly  that  had  been  sold  previous  to  that  time,  of  which  a  great  many  had  been 
replaced.  Those  were  submitted  to  the  Laboratories  during  that  winter.  Of  course 
the  Laboratories  are  busy  and  it  takes  them  some  time  to  get  out  a  report,  even  after 
they  make  a  test;  and  their  report  on  the  ferrule  type  of  fuse  without  the  filling 
material,  which  is  the  present  design,  was  dated  May  20,  1914.  Their  report  was 
as  follows; 

Short-Circuit  Test. — In  every  test  the  devices  opened  the  circuit  promptly, 
did  not  hold  an  arc,  throw  out  melted  metal  or  flame,  and  gave  no  external 
evidence  of  operation  except  a  slight  hissing  or  piiffing  sound.  In  every  test 
the  double-notch  links  opened  at  each  notch  and  left  the  center  section  of  the 
fusible  element  intact. 

At  that  time  we  were  using,  with  the  consent  of  the  Johns- Pratt  Co.,  the  asbestos 
sleeving  over  the  link  in  the  ferrule  type.  For  a  few  montlis  we  did  that  until  oiu: 
design  without  any  filling  material  or  asbestos  sleeving  of  any  shape  was  completed, 
so  that  while  tlae  design  with  the  ferrule  was  in  use  from  May  i,  1914,  when  we  put 
in  the  knife  blade  witliout  the  sleeving  or  the  filling  material,  prior  to  that  time 
there  had  only  been  90  000  of  the  ferrule  type  sold.  Therefore  the  amotmt  of  those 
with  the  filling  material  or  the  sleeving  in  use  is  comparatively  insignificant,  because 
the  great  bulk  have  been  sold  since  November,  1914,  which  are  of  the  present  design 
submitted  here,  and  that  is  the  design  upon  which  the  Laboratories  reported  in 
September,  1914,  the  first  report  bemg  on  tlie  ferrule  type  only.  And  as  to  that 
they  say : 

Short-Circuit  Test. — In  every  test  the  fuses  opened  the  circuit  promptly,  did 
not  hold  an  arc,  throw  out  molten  metal  or  flame,  and  gave  no  external  evidence 
of  operation,  except  a  slight  hissing  or  puffing  sound. 

In  every  test  the  double-notch  links  opened  at  each  notch  and  left  the  center 
section  of  tlie  fusible  element  intact,  while  the  four-notch,  600- volt  links  opened 
at  each  notch,  dropping  out  three  sections  intact. 

The  number  of  samples  tested  are  shown  by  the  following  table. 
*  *  .     *  *  *  »  * 

On  the  renewal  of  the  fuses: 

It  is  judged  that  the  probability  of  these  fuses  being  assembled  improperly  is 
less  than  of  the  earlier  type  requiring  a  powdered  filling  material. 

So  that  the  dispute  between  the  Laboratories  and  ourselves,  as  I  think,  has  been 
made  clear  in  the  talk  of  Mr.  Merrill,  preceding  my  own,  and  is  not  one  of  test  per- 
formances or  the  possibility  of  proper  assembling  and  then  proper  operation  on  re- 
newal after  assembling,  but  it  is  on  the  question  as  to  what  does  the  use  show  as  to 
improper  assembling  of  these  fuses  resulting  in  improper  operation,  and  it  is  that 
question  which,  of  course,  the  Laboratories  can  scarcely  pass  upon,  as  to  the  dispute 
between  ourselves  as  manufacturers  and  the  other  manufacturers,  without  showing 
some  degree  of  partisanship. 

That  brings  us  to  the  real  question  at  issue,  which  is  that  while  the  Economy  fuse  is 
susceptible  of  improper  assembly,  the  fact  is  that  every  fuse  on  the  market  is  equally 
so  susceptible,  and  that  they  all  are  improperly  used  or  refilled,  both  the  Economy  and 
the  other  types;  but  that  the  fact  also  is  that  when  you  examine  into  tlie  incentive  or 
the  reason  for  that  practice  and  tlien  show  that  you  remove  that  reason,  that  your 
results  which  you  obtain  from  the  users  conclusively  show  that  the  Economy  fuse  is 
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less  often  improperly  refilled  than  an  approved  fuse  is  abused,  and  that  it  does  in 
fact  do  away  to  a  considerable  extent  with  both  the  unintentional  and  tlie  intentional 
abuse  of  the  fuse — the  unintentional  because  all  reason  is  removed  and  the  intentional 
because  a  lot  of  intentional  overfiising  is  because  of  the  cost  of  the  fuse  or  getting  one, 
and  the  renewable  fuse  which  is  easily  and  cheaply  renewed,  interrupts  the  service  for 
a  short  length  of  time  and  that  they  are  glad  to  get  the  protection  and  not  make  a  short 
circuit;  and  that  is  shown  by  the  answers  which  Ishall  read  in  a  few  minutes. 

Before  we  get  to  the  evidence  of  the  users  on  that  question  I  should  like  to  read 
some  of  the  statements  from  the  insiu-ance  inspection  departments  on  this  question. 
First,  I  want  to  say  that  on  tliat  we  have  here  the  statements  in  the  form  of  affidavits 
in  a  number  of  cases  and  statements  simply  in  the  form  of  letters  in  others  of  inspection 
departments  as  follows,  showing  the  very  wide  territory'  that  is  covered:  The  cities  of 
Chicago,  III.;  Cincinnati,  Ohio;  Indianapolis,  Ind.;  Cleveland,  Ohio;  Portland,  Oreg.; 
Nashville,  Tenn.;  Grand  Rapids,  Mich.;  Colorado  Springs,  Colo.;  Chattanooga,  Tenn. ; 
Denver,  Colo.;  Duluth,  Minn.;  Superior,  Wis.;  Minneapolis,  Minn.;  Philadelphia, 
Pa.;  Buffalo,  N.  Y. ;  and  New  York,  N.  Y.  We  also  have  statements  from  general  in- 
surance organizations,  such  as  boards  of  fire  underwriters.  State  boards,  and  those  em- 
bracing a  large  number  of  States.  The  imion,  which  embraces  some  90  of  the  largest 
insurance  companies  operating  in  the  Central  West,  and  the  report  of  the  inspector 
who  makes  the  statement  which  covers  the  entire  central  western  section,  and,  as 
■will  be  noted  when  I  read  it,  he  is  consulted  by  men  in  all  that  territor>':  Kentucky 
Actuarial  Bureau,  Ohio  Inspection  Bureau,  Wisconsin  Inspection  Bureau,  Michigan 
Inspection  Bureau,  St.  Louis  Fire  Prevention  Bureau,  Chicago  Board  of  Fire  Under- 
writers, Tennessee  Inspection  Btweau,  Cincinnati  Fire  Prevention  Bureau,  Rocky 
Mountain  Fire  Underwriters  Association,  Allegheny  County  Board  of  Fire  Under- 
writers, Canada  Fire  Underwriters  Association,  Southeastern  Fire  Underwriters 
Association,  Underwriters  Association  of  the  Middle  Department  of  Philadelphia, 
Minneapolis  Underwriters  Inspection  Office,  Underwriters  Association  of  New  York 
State  (which  has  its  headquarters  in  Syracuse),  and  also  the  Undenvriters'  Board  of 
New  York  City.  While  we  have  not  the  statements  from  them  here,  they  have,  I 
think,  written  the  Department  that  they  will  be  glad  to  fiumish  the  results. 

We  also  have  afi'idavits  which  came  in  later  from  the  chief  of  the  fire  department  of 
Antigo,  Wis.,  the  chief  of  the  department  of  electricity,  city  and  county  of  San  Fran- 
cisco, and  the  chief  inspector  of  General  Inspection  Co.,  Minnesota  and  Dakota,  and 
from  village  electricians. 

As  covering  the  w-hole  situarion,  the  affidavit  of  Mr.  Tousley,  I  think,  is  very  in- 
teresting, because  involved  in  his  territory  are  something  over  120  000  inspections  in  a 
year.  He  is  the  chief  inspector  of  the  department  of  gas  and  electricity  of  the  city  of 
Chicago,  and  with  the  permission  of  the  Director,  I  will  read  the  affidavit.     (Reading.) 

STATE   OF   ILLINOIS,!  ^ 
County  of  Cook,  y'^' 

Victpr  H.  Tousley,  being  first  duly  sworn,  deposes  and  says  that  he  is  the  chief 
inspector  of  department  of  gas  and  electricity  in  the  city  of  Chicago,  Cook  County, 
111.;  that  he  has  been  in  the  service  of  the  city  for  17  years,  as  follows:  Three  years 
inspection  of  outside  work,  10  years  as  inspector  of  interior  wiring,  and  4  years 
as  chief  inspector.  That  the  department  has  jiu'isdiction  over  all  exterior  and 
interior  wiring  within  the  limits  of  the  city  of  Chicago. 

Affiant  states  that  there  are  52  inspectors,  assigned  as  follows:  Twenty-eight  in 
districts,  8  on  reinspection,  2  on  the  inspecrion  of  electric  signs,  3  on  the  inspec- 
tion of  outside  work,  i  on  the  inspection  of  theaters,  3  in  the  department  labora- 
tory, and  the  balance  on  investigations  and  special  work.  The  28  district  inspec- 
tors cover  the  inspection  of  all  interior  work  on  new  installations  within  their 
respective  districts.  They  also  investigate  all  fires  and  all  accidents  due  to 
electricity  and  make  some  reinspections  of  old  installations.  The  men  assigned 
to  reinspection  make  periodic  reinspections  of  old  buildings  which  contain  con- 
siderable electrical  apparatus.  The  men  assigned  to  the  laboratory  cover  the 
investigation  of  electrical  apparatus  and  make  special  investigations  of  wiring 
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methods  and  devices.  The  other  divisions  are  described  in  their  titles.  The 
inspectors  make  all  reports  in  writing  and  otherwise  follow  the  usual  proceduje 
of  municipal  inspection  departments. 

Aftiant  further  states  that  reports  received  from  the  inspectors,  both  written 
and  verbal,  as  well  as  personal  investigation  made  by  this  affiant,  show  that 
since  the  inception  of  what  is  known  as  the  "  inclosed ' '  fuse  considerable  difficulty 
has  been  encountered  in  maintaining  these  fuses  in  accordance  with  the  Code 
requirements  for  the  same.  It  has  been  found  that  these  fuses  have  been  altered 
by  inserting  fuse  wires  of  larger  size,  copper  wires,  or  other  conductors  through 
the  interior  of  the  fuse;  by  attaching  fuse  wire,  copper  wire,  or  other  conducting 
materials  on  the  outside  of  the  fuse  inclosure;  by  the  provision  of  "jumpers"  of 
fuse  wire  or  other  metals  around  the  clips  of  the  fuse  block  and  by  the  construc- 
tion of  conducting  materials  to  be  placed  in  the  receptacle  provided  for  the  fuse, 
the  results  of  which  have  been  that  the  fuse  was  either  made  inoperative  ;is  a  fuse 
or  rearranged  in  such  a  manner  as  to  constitute  a  hazard. 

I  might  say,  there,  that  it  is  not  the  operation  of  the  fuse  that  constitutes  the  hazard; 
it  is  the  lack  of  the  fuse  or  the  operation  of  the  fuse  that  makes  the  hazard.  It  is  not 
the  places  where  the  fuse  blows  where  the  bum  occurs,  but  the  current  is  allowed  to 
get  through  and  bumf  out  machinery  or  the  wiring  in  some  other  place,  which  causes 
the  fire  hazard,  in  the  majority  of  caases,  although  we  have  examples  of  occasional 
biuning  of  fuses.  Bus  fuses  are  usually  protected  either  in  iron  cabinets  or  in  a  place 
where  it  does  not  cause  any  great  amount  of  actual  damage,  so  that  that  goes  directly 
to  this  question  of  fire  hazard  in  connection  with  the  use  of  the  different  kind  of  fuses 
as  far  as  the  test  operation  is  concerned. 

Aflfiant  further  states  that  as  a  result  of  the  hazardous  conditions  brought  about 
by  the  above  the  department  of  gas  and  electricity  of  the  city  of  Chicago,  in  con- 
junction with  the  Undenvriters'  Association  of  Chicago,  formulated,  and  for  the 
past  eight  years  has  enforced,  a  rule  forbidding  the  installation  of  "inclosed" 
fuses  unless  inclosed  in  a  standard  fireproof  cabinet  as  provided  for  by  the  Code 
for  strip  fuses. 

Affiant  fiuther  states  that  in  order  to  obtain  knowledge  regarding  the  fuse  situa- 
tion the  department  has  for  a  number  of  years  made  various  special  investigations 
of  the  use  and  abuse  of  "inclosed"  and  other  types  of  fuses.  Since  the  type  of 
fuse  known  as  the  "renewable"  or  "refillable"  has  appeared  on  the  market,  this 
department,  in  order  to  obtain  knowledge  of  the  experience  with  this  type  of 
fuse,  has  permitted  the  use  of  the  fuse  manufactured  by  the  Economy  Fuse  & 
Manufacturing  Co.,  with  no  restriction  except  that  the  department  should  be 
informed  as  to  the  name  and  address  of  the  parties  to  whom  such  fuses  were  sold, 
the  puq:)ose  of  this  stipulation  being  to  provide  the  department  with  the  means 
of  carefully  investigating  the  use  of  this  fuse.  The  fuse  manufactured  by  the 
Economy  Fuse  &  Manufacturing  Co.  has  been  in  use  under  the  conditions  men- 
tioned above  for  a  period  of  two  years.  During  this  period  ST,'stematic  investi- 
gations have  been  made  of  the  use  of  the  above-named  fuse  by  an  inspector  of 
this  department  specially  chosen  for  knowledge  on  the  subject.  In  these  investi- 
gations an  effort  has  been  made  to  consult  all  classes  of  persons  using  the  fuse, 
paying  special  attention,  however,  to  those  men  in  charge  of  the  larger  plants 
whose  ability  and  integrity  could  not  be  questioned.  These  investigations  were 
made  to  determine,  first,  the  extent  of  the  abuse  or  misuse  of  the  standard 
"inclosed"  fuse;  second,  whether  the  experience  with  the  "refillable  "or  "renew- 
able" inclosed  fuse  indicated  a  decrease  in  the  fire  hazard  through  their  use; 
third,  if  the  operation  of  the  Economy  fuse  was  satisfactorj-. 

Affiant  further  states  that  in  addition  to  the  special  investigations  mentioned 
above,  all  inspectors  of  this  department  have  been  consulted,  and  have  been 
instructed  to  report  the  results  of  their  inspections  regarding  the  three  items 
mentioned  above.     The  results  of  these  investigations  are: 

1.  That  the  abuse  and  misu.se  of  the  standard  "inclosed"  fuse  does  exist  to  a 
great  extent  and  that  it  is  impossible  to  stop  such  misuse  and  abuse. 

2.  That,  as  a  general  proposition,  the  standard  "  inclosed  "  fuse  is  not  safe  unless 
inclosed  in  a  fireproof  cabinet. 

3.  That  the  item  of  cost  is  the  greatest  factor  in  the  abuse  and  misuse  of  the 
standard  "inclosed"  fuse,  this  item  of  cost  being  made  up  of  the  cost  of  renewals 
and  the  investment  in  the  necessarj'  reserve  supplies. 
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That  coming  from  Mr.  Tousley  should  have  great  weight,  because  it  will  be  sup- 
plemented with  a  large  amount  of  other  evidence  that  we  have  here,  and  is  the  most 
important  fundamental  thing,  after  you  admit  the  abuse  of  the  standard  fuses,  there 
is  involved  in  this  question  of  fire  hazard,  because,  as  he  says,  the  item  of  cost  is  the 
greatest  factor  in  the  abuse  and  misuse  of  the  standard  inclosed  fuse,  this  item  of  cost 
being  made  up  of  the  cost  of  renewals  and  the  investment  in  necessary  reserve  supplies; 
that  is,  they  can  not  carry  enough  reserve  stock  so  that  the  intentional  as  well  as  the 
unintentional  overfusing  will  not  creep  in.     (Reading  resumed.) 

4.  That  there  is  a  real  demand  for,  and  economy  in  the  use  of,  the  refillable  fuse 
manufactured  by  the  Economy  Fuse  &  Manufacturing  Co. 

5.  That  many  large  users  of  fuses  attempt  to  refill  standard  "  inclosed  "  fuses  on 
the  premises  without  proper  equipment  or  facilities  for  so  doing. 

6.  That  the  fire  hazard  as  affected  by  improper  fusing  is  reduced  by  the  use  of 
the  refillable  fuse  as  manufactured  by  the  Economy  Fuse  &  Manufacturing  Co. 

7.  That  the  Economy  refillable  fuse  is  satisfactory  in  actual  operation  and  no 
case  of  improper  refilling  has  been  foimd. 

We  have  found  no  records  of  fires  or  hazardous  operations  with  the  Economy 
refillable  fuse.  We  have  a  number  of  records  of  fires  from  standard  "inclosed" 
fuses  which  have  been  improperly  refilled  or  othenvise  abused. 

That  is  no  reflection  on  the  standard  fuse ,  as  a  fuse ,  because  it  is  through  the  abuse 
or  the  misuse  of  the  fuse  that  it  is  rendered  not  a  fuse,  which  makes  it  the  fire  hazard. 
It  is  no  reflection  on  the  manufacturers  who  are  assembled  here ,  respresenting  the  stand- 
ard fuses,  but  goes  to  our  question,  because  we  say  we  eliminate  that  to  some  extent — 
at  least  we  are  no  greater.     (Reading  resumed.) 

Afiiant  further  states  that  they  have  in  the  office  of  his  department,  at  the 
present  time,  many  examples  of  improperly  filled  standard  "  inclosed  "  fuses,  and 
that  they  have  also  thrown  away  or  discarded  many  examples  of  the  same.  Those 
now  on  hand  consist  of  standard  fuses  reinforced  with  heavy  copper  wire,  same 
type  of  fuses  with  iron  nails  driven  through  the  inclosing  tubes,  metal  tubes  of 
such  size  as  to  fit  the  fuse  clips  on  the  cut-out  block,  solid  copper  castings  to  fit  the 
clips  on  the  cut-out  blocks,  and  many  examples,  some  of  which  are  so  altered  as  to 
require  enormous  currents  to  blow  them,  others  so  altered  as  to  make  their 
operation  extremely  hazardous. 

Affiant  further  states  that  tests  made  by  or  in  the  presence  of  representatives  of 
the  department  indicate  that  the  standard  "inclosed"  fuse  as  refilled  by  the 
manufacturer  or  others,  who  make  a  business  of  such  refilling,  does  not  act  in  the 
same  manner  as  a  new  standard  "  inclosed  "  fuse,  and  that  they  often  vent  fire  and 
disrupt  on  severe  short  circuit. 

Affiant  further  states  that  the  number  of  inspections  made  by  the  department 
last  year  was  123  igo.  There  are  about  1600  electric  plants  in  charge  of  the 
reinspection  division,  with  a  number  of  large  installations  supplied  with  current 
from  central  stations. 

Affiant  further  states  that  a  number  of  fires  have  occurred  in  this  city  as  the 
result  of  the  misuse  and  abuse  of  standard  "inclosed"  fuses.  Probably  the  most 
serious  fire  which  has  been  called  to  his  attention  occurred  about  eight  years  ago. 
A  large  alternating  current  motor  in  use  in  the  ice  plant  of  Swift  &  Co.  in  the  Union 
Stock  Yards  was  overloaded.  The  cartridge  fuses  protecting  this  motor  had  been 
altered  and  a  solid  piece  of  steel  wire  placed  through  the  center  of  the  same  in  place 
of  the  ordinary  fusible  element. 

There  was  a  case  of  the  refilled,  not  the  bridged  fuse.     (Reading  resumed.) 

The  result  was  a  setting  fire  to  the  motor,  which  spark  communicated  to  the 
building  and  destroyed  it  and  some  freight  cars,  causing  a  loss  which  amounted 
to  about  S50  000. 

Further  affiant  saith  not. 

Victor  H.  Tousley. 

There  are  not  very  many  of  these  affidavits,  and  if  I  may  have  the  opportunity  I 
should  like  to  read  them,  because  reiteration  helps  the  memory  and  helps  us  to  get  the 
picture.  The  next  affidavit  is  by  William  S.  Boyd.  I  might  say  that  both  these  two, 
and  some  of  the  other  affidavits,  are  from  members  of  the  electrical  committee  of  the 
National  Fire  Protection  Association,  and  have  been  given  especial  consideration  on 
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that  account,  as  this  subject  was  referred  by  the  Laboratories  to  the  electrical  com- 
mittee some  two  years  ago.     (Reading.) 

William  S.  Boyd,  being  first  duly  sworn,  deposes  and  says  that  he  is  located 
in  the  city  of  Chicago,  Cook  County,  111.,  and  is  and  has  been  for  about  20  years 
almost  continuously  engaged  in  the  supervision  of  the  installation,  operation, 
and  maintenance  of  electrical  wiring  and  apparatus,  for  the  purpose  of  preventing 
loss  or  damage  to  property  by  fire.  Of  this  time  6'  2  years  were  devoted  to  this 
work  in  behalf  of  the  Chicago  Underwriters'  Association  in  Chicago  and  Cook 
County,  and  the  past  1 1  '4  years  were  devoted  to  this  work  xmder  the  direction  of 
the  Committee  on  Fire  Protection  Engineering  of  The  Union,  an  organization  of 
about  go  of  the  larger  fire  insurance  companies  operating  in  the  central  western 
districts  of  the  United  States,  comprising  about  20  States,  extending  from  Penn- 
sylvania to  the  Rocky  Moxmtains  and  from  Canada  to  and  including  Tennessee; 
tliat  as  such  electrical  inspector  he  acts  in  an  advisory  capacity  to  insm'ance  com- 
panies and  various  inspection  departments  in  the  field  above  outlined,  and  the 
various  inspectors  consult  with  him  in  regard  to  practices  in  the  use  of  electrical 
devices,  including  inclosed  cartridge  fuses  in  industrial  and  mercantile  establish- 
ments in  the  territory  named,  and  on  many  occasions  outside  of  this  territory. 

Affiant  says  that  his  experience  and  the  experience  of  the  inspectors  reporting 
and  consulting  with  him  is  that  almost  invariably  in  all  industrial  and  mercantile 
establishments  where  induction  motors  are  involved  or  where  there  is  any  neces- 
sity for  the  frequent  blowing  of  fuses  in  the  protection  of  machinery,  the  abuse 
of  the  so-called  "standard"  or  "approved"  inclosed  cartridge  fuses  has  been 
observed  and  is  quite  prevalent;  various  means  of  refilling  these  "standard"or 
"approved"  so-called  nonrefiUable  fuses  being  resorted  to,  some  of  which  are  dif- 
ficult of  detection  on  the  part  of  inspectors,  others  being  apparent,  such  as  solder- 
ing copper  wire  across  the  terminal  caps. 

Affiant  at  the  moment  does  not  recall  specific  instances  of  fire  damage  from 
inclosed  fuses,  but  a  number  of  such  instances  have  been  reported  to  him  in  the 
last  ii//-^  years. 

Affiant  further  says  that  a  large  number  of  the  readily  renewable  cartridge 
inclosed  fuses  manufactured  by  the  Economy  Fuse  &  Manufacturing  Co.,  of  all 
sizes  and  types,  are  in  use  in  various  industrial  establishments  in  the  territory 
under  his  jurisdiction;  that  he  especially  sanctioned  their  use  because  of  his 
belief  that  they  would  reduce  the  tendency  to  refill  the  present  so-called  "  stand- 
ard" nonrefiUable  fuses  and  thus  reduce  the  fire  hazard,  and  that  his  experience 
with  their  use  in  the  last  two  years  has  shown  his  belief  to  be  a  fact;  that  these 
fuses  have  been  in  use  in  said  territory  for  over  two  years;  that  he  has  yet  to  dis- 
cover an  instance  in  which  one  of  the  Economy  fuses  has  not  been  properly  refilled 
and  with  the  element  furnished  by  the  maker  of  the  proper  rating,  and  that  no 
improper  refilling  of  the  Economy  fuses  has  been  reported  to  him  and  that  the  in- 
spectors have  been  on  the  lookout  for  an  abuse  of  tlie  Economy  fuse  because  of  the 
motion  of  the  Underwriters'  Laboratories  in  referring  the  question  of  the  approval 
of  these  fuses  as  within  the  National  Electrical  Code  to  the  electrical  committee 
of  the  National  Fire  Protection  Association,  of  which  affiant  is  a  member. 

Affiant  further  says  that  his  large  experience  with  ' '  standard ' '  cartridge-inclosed 
fuses  in  industrial  plants  has  shown  him  that  a  safe  renewable  inclosed  fuse,  such 
as  that  put  out  by  the  Economy  Fuse  &  Manufacturing  Co.,  which  is  easy  of 
assembly  with  a  cheap  renewal  element  furnished  by  the  maker,  enabling  a  large 
stock  to  be  carried  of  all  sizes,  materially  reduces  the  fire  hazard  because  in  a 
large  percentage  of  the  industrial  establishments  the  operation  of  fuses  is  more 
or  less  frequent  when  the  safety  of  machinery  and  the  crowding  thereof  by  workmen 
is  considered,  and  the  expense  involved  in  the  use  of  "standard"  nonrefiUable 
fuses  makes  the  electricians  and  employees  resort  to  various  practices  of  refilling, 
which  are  in  most  cases  dangerous. 

Experience  shows  that  any  fuse  may  be  abused  and  that  it  is  not  the  fact  of 
capability  of  abuse  but  the  incentive  to  abuse  which  is  important,  and  that  this 
incentive  is  largely  one  of  cost  of  replacement. 

It  has  been  foimd  that  one  of  the  most  frequent  abuses  of  the  "standard" 
so-called  noru'efiUable  fuses  is  to  insert  copper  wire  through  the  fuse,  soldering 
the  ends  over,  or  if  this  is  not  readily  convenient,  to  solder  the  copper  wire  to  the 
terminal  caps  and  so  place  the  fuse  in  the  clips  that  this  will  not  be  noticeable 
to  the  inspector. 

Affiant  further  says  that  in  his  opinion  the  practice  of  permitting  the  plant 
electricians  to  refill  "standard"  cartridge-inclosed  fuses  is  positively  dangerous, 
even  though  the  attempt  be  made  in  good  faith  to  refill  properly,  because  seldom. 
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if  ever,  do  these  electricians  tise  property  designed  fuse  elements  because  of  lack 
of  knowledge  as  to  the  fusible  quality  and  proper  dimensions  of  a  proper  fusible 
wire  to  obtain  the  rating  required. 

Wc  have  an  affidavit  from  Mr.  Stuxtevant,  as  follows  (reading): 

Albert  G.  Sturtevant,  being  first  duly  sworn,  deposes  and  saj's  he  is  electrical 
inspector  of  the  city  of  Cincinnati,  Ohio;  that  he  has  had  23  years'  experience 
inspecting  electrical  installations  in  said  city;  that  10  years  of  this  period  was 
spent  in  the  inspection  department  of  the  Union  Gas  &  Electric  Co. ;  that  q  years 
was  spent  :is  electrical  inspector  for  the  Cincinnati  Fire  Prevention  Bureau;  that 
he  has  now  been  in  the  employ  of  the  city  of  Cincinnati,  in  the  capacity  above 
stated,  for  approximately  4  years. 

Affiant  states  that  it  is  the  duty  of  his  office  to  investigate  the  installation  of 
electric  wiring  and  equipments  within  the  limits  of  the  city  of  Cincinnati;  that 
he  investigates  all  fires  and  all  accidents  which  might  be  attributed  to  defective 
wiring  in  the  premises. 

Affiant  further  states  that  he  recognizes  thoroughly  the  fire  hazard  involved  if 
electrical  circuits  are  not  protected  with  fuses  of  correct  canying  capacity;  that, 
in  view  of  this  fact,  he  has  obser\'ed  closely  the  condition  of  such  fuses  in  the 
circuits  of  industrial  and  mercantile  establishments. 

Affiant  further  states  that  his  personal  investigations  develop  the  fact  that  a 
large  percentage  of  the  so-called  standard  nonrefillable  fuses  were  being  abused 
and  misused  in  practice;  that  he  has  found  on  numerous  occasions  that  said 
nonrenewable  fuses  have  been  refilled  with  elements  of  unknown  capacity;  that 
copper  wire,  wire  nails,  fuse  wire,  and  strip  are  most  frequently  used  by  the 
person  in  charge  of  the  electrical  equipments  in  refilling  said  fuses;  that  he  knows 
without  a  doubt  that  such  refilling  is  done  on  the  premises  with  the  elements 
referred  to,  greatly  increasing  the  fire  hazard. 

Affiant  furtlier  states  that  for  about  two  years  his  department  has  permitted  the 
use  of  a  renewable  fuse  manufactined  by  the  Economy  Fuse  &  Manujfacturing  Co. ; 
that  this  action  was  taken  because  he  is  of  the  firm  opinion  that  the  use  of  a  renew- 
able fuse  in  large  industrial  and  mercantile  establishments,  due  to  the  ease  and 
cheapness  with  which  they  may  be  renewed,  would  materially  reduce  the  danger 
of  overfusing  electrical  circuits. 

Affiant  further  states  that  he  has  observed  closely  the  condition  of  Economy 
fuses  which  were  found  protecting  the  circuits  in  risks  in  his  district;  that  he  has 
failed  to  note  a  case  where  said  fuses  have  been  abused  or  misused;  that  the  large 
users  of  fuses  are  desirous  of  obtaining  a  renewable  fuse  with  a  readily  renewable 
element,  such  as  manufactured  by  the  Economy  Fuse  &  Manufacturing  Co.; 
that  this  demand  is  because  of  the  fact  that  it  is  quite  expensive  to  replace 
so-called  standard  nonrenewable  fuses  when  blown;  that  primarily  the  demand 
is  an  economical  one. 

Affiant  further  states  that  it  is  very  hard  at  the  present  time  for  an  electrical 
inspector  to  determine  whether  or  not  a  standard  nonrenewable  fuse  has  been 
refilled  on  the  premises,  because  of  tlieir  construction;  that  an  attempt  to  ascer- 
tain the  carrying  capacity  of  said  fuses  would  mean  that  the  fuse  would  have  to 
be  destroyed;  that  with  the  use  of  a  fuse,  such  as  manufactured  by  the  Economy 
Fuse  &  Manufacturing  Co.,  it  is  possible  for  the  inspector  to  examine  tlie  same 
and  determine  whether  or  not  renewal  links  of  tlie  correct  current  capacity  have 
been  used. 

We  have  another  affidavit  from  a  man  in  Indianapolis  by  the  name  of  Fort  H.  Moore. 
(Reading.) 

Fort  H.  Moore,  being  first  duly  sworn,  deposes  and  says  that  he  is  the  chief  elec- 
trical inspector  of  the  Indianapolis  Inspection  Bureau  and  electric  wire  inspector 
for  tlie  city  of  Indianapolis  in  the  city  of  Indianapolis,  Marion  County,  Ind. ;  that 
he  has  been  in  the  service  of  the  Indianapolis  Inspection  Bureau  for  a  period  of 
II  years,  as  follows:  Two  years  as  field  inspector  of  interior  wiring  and  9  years  as 
chief  inspector;  that  the  Indianapolis  Inspection  Bureau,  of  which  he  is  chief 
inspector,  has  jurisdiction  over  all  interior  wiring  within  the  limits  of  the  city  of 
Indianapolis  and  Marion  County,  Ind. 

Affiant  further  states  that  he  supervises  the  installation  and  maintenance  of  all 
electric  wires  and  apparatus  in  the  city  of  Indianapolis,  being  appointed  by  the 
Board  of  Public  Safety  and  working  in  conjunction  vnth  the  department  of  build- 
ings of  said  city. 

Affiant  further  states  tliat  there  are  four  inspectors  employed  by  the  Indianapolis 
Inspection  Bureau  and  working  under  his  direction.     Their  duties  are  to  inves- 
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tigate  fires  due  to  the  improper  installation  of  electric  wiring  or  equipment  and 
to  inspect  such  equipments  when  they  are  originally  installed. 

Affiant  further  states  that  he  has  instructed  inspectors  to  observe  closely  the 
fusing  of  all  electrical  circuits;  that  said  inspectors  have  reported  to  him  on 
numerous  occasions  that  they  have  found  the  abuse  of  so-called  standard  nonre- 
fillable  fuses  and  that  such  fuses  were  usually  refilled  with  fuse  wire  or  strip  of 
greater  capacity  or  the  use  of  copper  wire  or  some  otlier  element  which  did  not 
provide  adequate  protection. 

Affiant  further  states  that  the  item  of  cost  is  the  greatest  factor  in  the  abuse  and 
misuse  of  standard  nonrefiUable  fuses,  and  this  item  of  cost  being  made  up  by  the 
cost  of  renewals  and  the  investment  in  the  necessary  reserve  supply,  that  many 
large  users  of  fuses  attempt  to  refill  such  standard  nonrefiUable  fuses  on  the  prem- 
ises without  proper  equipment  or  facilities  for  so  doing;  that  the  fire  hazard  as 
affected  by  improper  fusing  is  very  great,  and  that  the  practice  of  refilling  such 
standard  nonrefiUable  fuses  by  the  plant  electrician  is  positively  dangerous. 

Affiant  further  states  that  there  is  a  constantly  increasing  demand  for  refillable 
fuses,  such  as  manufactured  by  the  Economy  Fuse  &  Manufacturing  Co.,  and  that 
he  is  firmly  convinced  that  the  use  of  such  fuses  in  industrial  and  mercantile 
establishments  will  materially  reduce  the  fire  hazard  due  to  the  nominal  cost  at 
which  the  Economy  Fuse  &  Manufacturing  Co.  furnish  renewal  links  for  use  in 
their  fuses.  That  such  renewal  links  are  stamped  with  their  rated  capacity  in 
amperes  and  voltage,  and  are  of  known  value,  and  that  such  renewal  links  may 
be  inserted  in  said  fuses  very  easily  and  quickly. 

Affiant  further  states  that  his  inspectors  have  never  reported  to  him  the  improper 
refilling  of  such  fuses  in  his  personal  investigations  and  that  his  experience  has 
shown  that  said  fuses  always  operate  satisfactorily. 

We  have  an  affidavit  from  Charles  H.  Trame,  who  says  (reading): 

Charles  H.  Trame,  being  first  duly  sworn,  deposes  and  says  that  he  is  branch 
manager  of  the  Kentucky  Actuarial  Bureau,  Covington,  Ky.,  and  has  been  in 
the  service  of  said  biu-eau  for  20  years,  as  follows:  Twenty  years  as  general  inspec- 
tor and  7  years  of  the  20  referred  to  as  electrical  inspector  in  connection  with 
other  investigations  and  inspections. 

Affiant  further  states  that  his  department  has  jurisdiction  over  the  installation 
of  electrical  wiring  and  equipments  in  the  counties  of  Kenton  and  Campbell, 
Ky.:  that  as  such  electrical  inspector  he  examines  the  installation  of  all  interior 
wiring;  that  he  investigates  all  fires  and  accidents  which  may  be  reported  as 
having  been  caused  by  defective  electrical  wiring  or  other  sources. 

Affiant  fvirther  advises  that  in  the  course  of  his  inspections  that  the  question 
of  fuse  protection  is  given  careful  attention,  and  that  the  abuse  of  the  so-called 
standard  nonrefiUable  fuses  is  so  general  with  all  kinds  and  sizes  of  conductors 
that  nonrefiUable  fuses,  instead  of  being  a  protection  against  the  overloading  of 
wires,  have  really  developed  into  a  menace  and  a  fire  producer,  and  the  general 
condition  of  fuse  protections  is  foimd  to  be  such  that  it  is  apparent  to  all  engaged 
in  tlie  business  of  electricitj'  that  some  means  must  be  found  to  overcome  this 
misuse  of  fuse  protection. 

Affiant  further  advises  that  he  has  recommended  the  use  of  the  renewable  fuse, 
the  product  of  the  Economy  Fuse  &  Manufacturing  Co.,  for  a  period  of  several 
years,  and  that  he  is  firmly  of  the  opinion  that  said  fuses  have  lessened  the' fire 
hazard  in  all  classes  of  property,  as  the  Economj-  Fuse  &  Manufacturing  Co. 
ftunish  the  patrons  of  their  product  with  renewable  links  plainly  stamped  with 
their  ampere  capacity  at  a  reasonable  cost;  fuses  manufactured  by  the  said  com- 
pany can  be  and  are  easily'  and  quickly  refilled  and  replaced  by  the  person  using 
same. 

Affiant  further  states  that  it  is  possible  for  the  inspector  to  examine  said  fuses 
manufactured  by  the  Economy  Fuse  &  Manufacturing  Co.  and  ascertain  if  the 
proper  renewal  element  has  been  used ;  that  this  is  a  great  advantage  over  standard 
nonrenewable  fuses  which  may  be  refilled  on  the  premises  without  detection, 
because  it  is  not  possible  for  the  inspector  to  dismantle  the  fuse  to  obser\-e  its  con- 
struction and  contents,  witliout  destruction  of  the  fuse. 

Afiiant  further  reports  that  never  at  anytime  hiis  he  in  his  personal  investiga- 
tions discovered  a  location  where  the  operation  of  the  Economy  renewable  fuses 
has  in  any  way  proved  hazardous  or  not  given  satisfaction. 

Affiant  further  states  that  there  are  very  good  reasons  why  there  is  a  crying 
demand  for  a  renewable  fuse,  such  as  produced  by  the  Economy  Fuse  &  Manufac- 
turing Co.;  all  users  of  fuses,  both  in  a  large  and  a  small  way,  complain  that  the 
present  cost  of  replacing  standard  nonrefillable  fuses  is  expensive,  and  tliat  it 
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becomes  a  necessity  due  to  this  cause  and  the  trouble  of  sending  out  for  new  fuses, 
to  resort  to  the  practice  of  renewing  the  old  fuses  as  b^st  they  can,  and  while  the 
patched-up  or  strapped-over  fuses  are  in  many  cases  only  to  be  a  temporary 
matter,  it  is  a  fact,  however,  that  in  most  all  cases  that  they  remain  a  permanent 
factor,  and  their  existence,  unfortunately,  in  a  great  many  cases,  is  never  again 
thought  of  tmtil  a  fire  occurs.  It  is  the  opinion  of  the  affiant  that  the  possibility  of 
being  able  to  secure  a  fuse  of  the  Economy  type  does  and  will  continue  to  prevent 
fires  from  the  cause  mentioned  above . 

We  have  an  affidavit  from  Edward  W.  P.  Smith,  who  deposes  and  says.     (Reading. ) 

That  he  is  the  city  electrician  of  the  city  of  Cleveland,  Cuyahoga  County,  Ohio; 
that  he  has  been  in  the  service  of  said  cit>'  in  the  capacity  named  for  a  period  of 
15  months;  that  the  department  has  jurisdiction  over  all  interior  wiring  within  the 
limits  of  the  city  of  Cleveland. 

Affiant  states  that  there  are  nine  inspectors  assigned  to  his  department  to  investi- 
gate the  condition  of  electrical  installation;  tliat  said  inspectors  investigate  all 
fires  and  accidents  when  defective  wiring  or  electrical  equipment  is  reported  as 
the  cause. 

Affiant  further  states  that  his  inspectors  in  the  field  have  informed  him  of  places 
in  which  standard  so-called  nonrenewable  fuses  have  been  abused  and  misused; 
that  such  abuse  usually  consisted  of  a  jumper  of  steel  wire  or  copper  wire,  either 
placed  on  the  inside  or  the  outside  of  the  fuse;  that  this  was  not  always  done 
purposely  to  increase  the  carrying  capacity  of  the  fuse,  but  was  done  in  good  faith, 
assuming  that  they  were  providing  adequate  protection  to  tlie  electric  equipment 
and  property. 

Affiant  further  states  that  the  use  of  such  copper  wire  and  other  metals  of 
unknowTi  carrying  capacity,  when  used  in  the  manner  above  referred  to,  is  very 
dangerous  from  a  fire  hazard . 

Affiant  further  states  that  he  is  firmly  convinced  that  the  use  of  a  renewable 
fuse,  having  satisfactory  performance  characteristics  and  of  rugged  and  careful 
construction,  would,  when  placed  in  use  in  large  industrial  and  mercantile  estab- 
lishments, materially  lessen  the  fire  hazard,  because  of  tlie  ease  and  quickness 
with  which  such  a  fuse  could  be  renewed  and  the  fact  that  renewal  elements  of  a 
definite  and  known  capacity  are  furnished  by  the  manufacturer  for  use  in  such 
fuses. 

I  will  next  read  the  affidavit  of  Howard  M.  Maxwell.     (Reading.) 

Howard  M.  Maxwell,  being  first  duly  sworn,  deposes  and  says  that  Ije  is  electrical 
inspector  of  the  Ohio  Inspection  Btu'eau;  that  he  has  been  in  the  service  of  said 
bureau  for  a  period  of  nine  years;  that  the  department  investigates  the  installation 
of  all  interior  wiring  in  the  southwestern  part  of  Ohio. 

Affiant  states  that  tliere  are  two  inspectors  assigned  to  investigate  the  condition 
of  electrical  wiring  in  large  industrial  and  mercantile  establishments  in  their 
districts;  that  they  investigate  all  accidents  and  fires  originating  from  defective 
wiring. 

Affiant  further  states  that  he  has  instructed  his  inspectors  to  examine  carefully 
fuses  protecting  electrical  circuits  because  he  is  aware  of  the  danger  to  electrical 
equipments  and  property  if  such  circuits  are  not  adequately  protected;  that  on 
numerous  occasions  it  has  been  reported  to  him  bj'  said  inspectors  that  so-called 
nonrenewable  fuses  have  been  abused  and  misused ;  that  is  to  say,  that  they  have 
been  renewed  on  the  premises  with  copper  or  lead  fuse  wire  and  strip  of  imknown 
capacities  and  various  other  means  have  been  resorted  to;  that  in  his  own  personal 
investigations  he  has  found  similar  conditions  existing. 

Affiant  further  states  tliat  the  usual  reason  given  for  the  abuse  and  misuse  of 
such  standard  nonrenewable  fuses  is  the  great  cost  of  replacing  such  fuses  when 
blown ;  that  in  large  industrial  plants  where  the  machinery  is  crowded  by  workmen 
fuses  are  blown  frequently;  that  this  is  an  item  of  great  expense  and  the  practice 
of  renewing  such  fuses,  although  it  is  done  in  good  faith  with  elements  of  sup- 
posedly proper  carr>'ing  capacity,  is  a  distinct  fire  hazard. 

Affiant  ftu-ther  states  tliat  he  has  permitted  risks  imdcr  his  jurisdiction  to  use 
tlie  renewable  fuse  manufactured  by  tlie  Economy  Fuse  &  Manufacturing  Co.; 
tliat  his  inspectors,  although  they  have  examined  closely  such  fuses  after  having 
been  renewed  in  ser\-ice,  have  never  reported  to  him  a  case  where  an  element  of 
greater  carrying  capacity  has  been  used;  that  in  his  o«-n  personal  investigations 
he  has  always  foimd  said  fuses  renewed  with  elements  of  proper  carrying  capacit>-, 
and  that  the  performance  of  said  fuses  has  always  been  satisfactory. 
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Affiant  further  states  that  a  number  of  concerns  who  find  occasion  to  frequently 
replace  blown-out  fuses  have  requested  permission  to  use  the  renewable  fuse  as 
put  out  by  the  Economy  Fuse  &  Manufacturing  Co. ,  and  that  there  is  an  increasing 
demand  in  his  territory  for  such  renewable  fuses;  that  he  believes  the  use  of  such 
renewable  fuse  will  materially  lessen  the  fire  hazard  because  of  the  ease  and 
quickness  \vith  which  said  fuses  may  be  renewed  on  the  premises  in  a  satisfactory 
manner  with  an  element  of  definite  and  known  capacity  which  is  furnished  by  the 
said  Economy  Fuse  &  Manufacturing  Co.  at  a  very  nominal  cost. 

Affiant  further  states  that  he  has  found  it  very  difficult  to  detect  standard  non- 
renewable fuses  when  they  have  been  refilled  on  the  premises;  that  it  is  a  very 
simple  matter  to  examine  tlie  construction  of  said  Economy  fuses  without  de- 
stroying the  fuse ;  that  they  are  therefore  in  a  position  to  know  whether  or  not  the 
•  fusing  of  electrical  circuits  is  done  in  a  proper  manner  when  said  Economy  fxises 
are  used. 

I  will  next  read  the  affidavit  of  William  B.  Hubbell.     (Reading.) 

William  B.  Hubbell,  being  first  duly  sworn,  deposes  and  says  that  he  is  the  chief 
electrical  inspector  of  the  Cincinnati  Fire  Prevention  Bureau  and  has  been  in  the 
service  of  said  bureau  for  14  years,  as  follows:  Three  years  inspector  of  interior 
wiring  and  1 1  years  as  chief  inspector. 

Affiant  further  states  that  the  department  has  jurisdiction  over  all  interior 
wiring  within  the  limits  of  the  County  of  Hamilton,  Ohio. 

Affiant  further  states  that  there  are  eight  inspectors  assigned  as  follows:  Fotir 
assigned  exclusively  to  the  investigation  of  the  installation  of  electrical  wiring 
and  equipments,  and  four  general  inspectors  who  investigate  the  conditions  of 
electrical  installations  in  connection  with  their  other  work. 

Affiant  further  states  that  he  has  issued  instructions  to  his  electrical  inspectors, 
stating  that  they  must  observe  very  closely  that  electrical  circuits  are  protected 
with  fuses  of  the  correct  capacity;  that  said  inspectors  have  advised  him  many 
times  of  the  abuse  and  misuse  of  so-called  standard  nonrefiUable  fuses;  that  gener- 
ally it  was  observed  that  the  electrician  who  was  responsible  for  the  refilling  of 
such  fuses  on  the  premises  had  used  copper  wire,  wire  nails,  fusible  wire  of 
unkno\vn  capacity  and  rating,  and  other  materials,  thus  introducing  a  great  fire 
hazard. 

Affiant  further  states  that  he  has  permitted  the  use  of  a  renewable  fuse  manu- 
factured by  the  Economy  Fuse  &  Manufactiuing  Co.  for  a  period  of  two  years,  and 
it  is  his  firm  opinion  that  the  use  of  said  renewable  fuses  in  industrial  and  mercan- 
tile establishments  lessens  the  fire  hazard  to  a  very  great  degree,  because  the 
Economy  Fuse  &  Manufacturing  Co.  furnish  the  users  of  their  fuses  renewal  links 
plainly  stamped  with  their  ampere  capacity  at  a  very  nominal  cost;  fuses  manu- 
factured by  the  Economy  Fuse  &  Manufacturing  Co.  can  be  easily  and  quickly 
replaced  by  the  user. 

Affiant  further  states  that  it  is  possible  for  the  inspector  to  examine  said  fuses 
manufactured  by  the  Economy  Fuse  &  Mantifacturing  Co.  and  ascertain  if  the 
proper  renewal  element  has  been  used ;  that  this  is  a  great  advantage  over  standard 
nonrenewable  fuses  which  may  be  refilled  on  the  premises  without  detection, 
because  it  is  not  possible  for  the  inspector  to  dismantle  the  fuse  to  observe  its 
construction  and  contents  without  destruction  of  tlie  fuse. 

Affiant  further  states  that  his  inspectors  have  never  brought  to  his  attention,  nor 
has  he  in  his  personal  investigations  discovered  a  case  where  the  operation  of 
Economy  renew'able  fuses  has  been  hazardous  or  unsatisfactory. 

Affiant  further  states  that  there  is,  for  economical  reasons,  an  increasing  demand 
to  use  a  renewable  fuse,  such  as  manufactured  by  the  Economy  Fuse  &  Manufac- 
turing Co. ;  that  the  large  users  of  fuses  contend  that  the  present  cost  of  replacing 
standard  nonrefiUable  fuses  when  blo^vn  out  is  very  expensive;  that  it  becomes 
necessary,  due  to  this  great  cost,  to  resort  to  the  practice  of  renewing  said  standard 
nonrefiUable  fuses  on  their  own  premises;  that  when  such  refilling  is  done  on  the 
premises,  improper  materials  are  used ;  that  such  refilling  of  standard  nonrefiUable 
fuses  affords  no  protection  to  the  electrical  equipments  and  property,  and  there- 
fore becomes  hazardous. 

The  next  affidavit  is  that  of  Harvey  E.  Bloomer,  which  I  will  read.     (Reading.) 

Harvey  E.  Bloomer,  being  first  duly  sworn,  deposes  and  says  that  he  is  the 
chief  electrical  inspector  of  the  Wisconsin  Inspection  Bureau,  an  institution  main- 
tained by  over  125  fire  insurance  companies  for  the  purpose  of  making  rates  and 
the  supervision  of  installation,  operation,  and  maintenance  of  electrical  wiring 
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and  machinery'  to  minimize  the  fire  waste;  that  said  bureau  has  been  in  operation 
since  about  January'  i,  1915,  and  that  the  jurisdiction  of  the  Wisconsin  Inspection 
Bureau  covers  tlie  entire  State  of  Wisconsin,  including  the  city  of  Milwaukee; 
that  just  previous  to  his  connection  with  the  Wisconsin  Inspection  Bureau  he 
occupied,  for  a  period  of  12  years,  a  similar  position  with  the  Milwaukee  Board  of 
Fire  Undenvriters  in  full  charge  of  electrical  inspection. 

Affiant  further  states  that  inspections  made  in  the  territory  above  mentioned 
(the  State  of  Wisconsin)  include  all  electrical  installations  for  power,  heat,  and 
light  in  the  interiors  of  buildings  and  also  pole-line  construction  and  wiring  where 
same  runs  close  to  or  enters  any  building  covered  by  insurance;  that  in  all  such 
installations  of  electrical  wiring,  as  a  general  practice,  cartridge-inclosed  fuses  are 
used  in  large  quantities. 

Affiant  further  states  that  in  the  inspection  of  all  electrical  wiring  and  equip- 
ment he  gives  particular  attention  to  the  protective  devices,  which  include,  in 
most  installations,  cartridge-inclosed  fuses  of  the  types  generally  used  and 
known  as  " standard  "or  nonrefiUable  fuses,  constitutes  a  great  fire  hazard  when 
not  properly  used  and  also  because  of  the  prevailing  practice  of  overfusing  circuits 
in  order  to  minimize  the  operation  of  fuses  and  thus  to  reduce  tlie  maintenance 
cost  of  such  fuses;  or,  to  refill  or  bridge  across  such  "standard"  or  nonrefiUable 
fuses  with  copper  wire,  lead  wire,  solders,  and  various  other  methods  in  order  to 
prevent  the  frequent  blowing  of  fuses  in  service;  all  of  which  practices  result  in 
the  introduction  of  a  distinct  and  very  grave  fire  hazard. 

Affiant  further  states  that  he  has  always  believed  that  such  hazardous  practices 
would  not  exist  if  tlie  cost  of  providing  adequate  fuse  protection  were  reduced  to 
a  nominal  sum,  and  has,  therefore,  continuously  permitted,  for  over  two  years, 
the  use  of  the  renewable  fuse  made  by  the  Economy  Fuse  &  Manufactiu-ing  Co., 
which  can  be  renewed  in  a  proper  manner,  with  elements  made  and  furnished 
for  the  purpose  by  the  Economy  Fuse  &  Manufacturing  Co.  at  a  very  trifling  cost. 
These  Economy  fuses  have  been  inspected  very  critically  for  the  entire  period 
since  their  use  was  authorized  by  affiant,  and  great  numbers  of  tliem  have  been 
opened  in  order  to  observe  whether  or  not  they  were  at  all  times  properly  refilled 
with  Economy  renewal  elements  of  the  correct  capacity  to  protect  the  circuit 
in  which  the  fuses  were  used. 

Affiant  further  states  that  in  all  his  inspections  and  experience  the  fuses  made 
by  the  Economy  Fuse  &  Manufacturing  Co.  were  promptly  refilled  and  that  no 
substitute  articles  or  fusible  elements  or  Economy  elements  of  too  great  capacity 
have  been  found ;  that  in  questioning  the  users,  the  invariable  answer  was  that 
the  Economy  fuse  is  giving  perfect  satisfaction  and  that  it  is  being  renewed  in  a 
proper  manner  because  of  tlie  rapidity  of  the  work  and  the  ease  of  insertion  of 
fuse  elements,  and  also  because  of  the  cheapness  of  the  Economy  elements  and 
the  very  small  investment  for  large  stocks  of  same,  making  large  reserve  stocks 
instantly  available  for  emergency  demands. 

Affiant  further  states  that  where  "standard"  or  nonrenewable  fuses  are  used, 
and  the  user  returns  same  after  operation  to  the  factory  of  the  original  maker,  or 
to  otliers  outside  of  the  users'  premises,  for  factory  refilling,  that  the  nonrefiUable 
fuse,  as  refilled  by  the  maker  or  others  in  such  factories,  is  not  as  satisfactory  in 
operation  as  tlie  original  new  fuse  because  of  apparent  careless  workmanship  and 
by  damage  to  mechanical  parts  and  especially  the  terminals  and  from  lack  of 
uniform  work  in  replacing  the  filling  material,  or  of  the  filling  material  sifting 
out  (^f  end  holes  or  between  caps  and  tube  during  transportation  and  handling 
in  the  plant  of  the  user. 

Affiant  further  states  that  large  numbers  of  users  have  stated  to  him  that  they 
prefer  to  use  the  Economy  fuse  instead  of  "standard"  or  nonrefiUable  fuses 
because  of  the  better  service  they  have  obtained  from  them  and  because  Economy 
fuses  are  easier  and  cheaper  to  refill  than  nonrefiUable  fuses  which  they  had  pre- 
viously made  a  practice  of  refilling  on  their  own  premises  but  for  which  they 
were  unable  to  obtain  the  necessary  materials  from  the  maker  and  which  resulted 
in  frequent  burnouts  of  motors  and  otlier  appliances ;  that  the  use  of  the  Economy 
fuse  has  eliminated  the  dangerous  practice  of  improper  re-fusing  of  circuits  and 
the  frequent  bum  outs  of  motors  and  other  appliances. 

Affiant  further  states  that  several  cases  have  come  to  his  attention  where  non- 
refiUable fuses  have  operated  wiUi  violent  explosions  or  where  such  fuses  become 
so  hot  in  service  tliat  the  fuse  tube  is  weakened  and  brittle  from  burning  or  char- 
ring and  that  many  of  these  nonrefiUable  fuses  are  incapable  of  being  refilled  even 
by  the  original  maker  and  that  in  those  same  cases  Economy  fuses  have  since 
been  used  and  have  given  highly  satisfactory  ser^^ce,  after  having  been  renewed 
several  times,  and  no  damage  to  any  parts  has  been  detected  on  close  inspection 
and  examination. 
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We  have  not  an  affidavit  here  from  the  inspection  department  of  the  middle  depart- 
ment of  Philadelphia,  which  is  quite  extensive,  but  that  department  has  fviniished 
us  with  some  interesting  data  of  which  I  have  a  copy  here,  and  which  can  be  checked 
up  and  probably  has  been  checked  by  the  Bureau.  They  adopted  the  same  plan  in 
order  to  ascertain  this  fact  as  to  the  use  of  the  Economy  fuse,  as  to  whether  it  was 
being  properly  refilled,  as  to  whether  it  was  lessening  or  decreasing  the  percentage 
of  fusing,  and  they  sent  out  a  list  of  six  or  seven  questions  to  530  users  of  fuses  in  their 
territory,  and  they  got  back  306  replies.  Of  those  replies,  256  answered  that  they 
were  still  using  the  Economy  fuse.  The  remainder  did  not  answer  or  were  not  using 
them.  Eleven  stated:  "  Removed  because  of  objections  from  insiuance  or  inspection 
departments";  3  stated  "prefer  other  fuses  and  have  replaced  them";  i  replied 
"replaced  with  circuit  breakers";  i  replied  "we  let  out  maintenance  of  our  motors 
on  contracts  and  the  contractor  substituted  standard  fuses";  and  i  said  that  he  was 
replacing  them  and  had  only  those  on  hand.  They  were  asked;  "Has  their  operation 
been  uniform  both  as  to  current  ratings  and  the  opening  of  circuits  in  practical  serv- 
ice?" Two  hundred  and  sixty-one  replied  "yes";  4  said  "no";  i  said  "we  have 
found  from  tests  at  various  times  that  a  lo-ampere  fuse  blows  at  13  amperes  and  a 
3-ampere  fuse  at  5  amperes";  i  said  "they  vary  about  4  amperes  lower";  i  said 
"the  majority  open  too  soon,  due  to  being  punched  by  square  shoulder  under  notch. 
It  may  have  been  that  they  did  not  know  what  the  rating  was.  Thirty-eight  made 
no  reply  specifically. 

The  next  question  was:  "Have  any  undesirable  features  developed  differing  from 
other  types  of  inclosed  fuses;  if  so,  in  what  respect?"  Two  hundred  and  forty 
out  of  306  replied  "none."  Then  there  were  a  number  of  specific  answers.  One 
said  "the  only  trouble  is  due  to  the  stripping  of  thread  when  screwed  up  too  tight, 
which  either  destroyed  the  cartridge  or  leaves  a  loose  connection.  This  only  applies 
to  small  sizes."  That  is  the  old-style  ferrule  type  which  was  discarded  and  as  to 
which  we  have  had  a  number  of  complaints.  One  said  "extreme  care  must  be 
used  in  refilling.  "  One  objected  that  "they  require  intelligent  handling  in  replac- 
ing, as  if  asbestos  cover  is  not  put  on  they  are  dangerous.  "  These  particular  answers 
have  all  been  checked  up  and  found  to  be  from  users  of  our  old-style  filling  material  or 
of  the  asbestos  sheathing. 

Question  4  was:  "From  yo-or  experience  have  you  concluded  that  these  fuses  pos- 
sess sufficient  merit  to  warrant  recognizing  them  as  standard  and  so  listing  them?" 
Two  hundred  and  fifty  replied  "yes";  5  replied  some  in  one  size  and  some  in  an- 
other, and  some  offered  objections,  but  45  did  not  reply. 

Question  5  was ;  "  Do  those  in  charge  of  your  fuses  replace  blown  elements  with  those 
of  the  proper  size  and  ratings  required  for  the  shells?"  Two  hundred  and  sixty  re- 
plied "yes";  41  did  not  answer,  and  5  others  replied  as  follows:  One,  "until  provided 
against,  fuses  were  occasionally  double  filled  where  trouble  due  to  overload  devel- 
oped"; that  is,  they  put  two  links  into  one  shell,  which  will  sometimes  happen  where 
trouble  was  due  to  an  overload.  Ajiother  one  stated  that  "they  do,  imless  for  some 
special  reason  it  is  necessary  to  do  otherwise. "  As  I  stated  before,  we  can  not  stop 
intentional  overf using. 

Another  one  says  "most  always,"  and  another  one  "can  not  tell  without  taking 
apart  and  examining."  So  that  the  great  percentage,  you  see,  do  properlv  refill — 4  out 
of  260  do  not.  I  think  there  were  all  but  about  5  who  replied  that  the  fuses  were  at  all 
times  properly  refilled,  and  others  gave  sufficient  reasons  or  wanted  for  some  special 
purpose  a  higher  amperage. 

Also  on  this  question  of  the  abuse  of  the  approved  fuse,  we  submitted  evidence  and 
on  the  questions  of  the  reasons  for  it,  what  I  think  is  some  evidence,  and  that  is  the 
statement  contained  in  the  application  of  Robert  C.  Cole,  who  is  an  employee  of  one 
of  the  largest  fuse  manufacturers  on  patents  assigned  to  them  as  to  why  he  considered 
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his  invention,  to  which  he  sought  the  patent,  to  constitute  an  invention;  that  is,  an 
improvement  in  the  art.     That  patent  reference  is  i  114  340,  and  he  says  (reading) — 

Electric  fuses  are  essentially  intended  to  be  safety  de\'ices.  They  are  designed 
to  be  placed  in  circuits  and  to  open  on  an  abnormal  rise  of  current  and  thus  pro- 
tect apparatus  connected  with  the  circuits  and  objects  adjacent  to  the  circuits  and 
the  fuses.  If  they  do  not  blow  when  the  conditions  become  dangerous,  tliey  are 
not  safety  devices.  JIuch  thought  and  study  have  been  given  and  much  labor 
and  expense  has  been  incurred  in  order  to  devise  fuses  that  will  blow  accurately 
under  the  predetermined  conditions  and  thus  be  dependable  safety  means.  It 
is  required  that  the  fusible  element  be  inclosed  in  order  to  eliminate  the  dangers 
of  the  opening  of  the  circuits  when  the  fusible  elements  melt.  Fusible  elements 
that  are  inclosed  can  not  be  seen.  To  save  expense,  unscrupulous  persons  and 
those  not  skilled  in  the  artfrequently.  after  a  fuse  has  blown,  insert  a  new  fusible 
element  in  place  of  the  one  that  has  been  destroyed.  As  a  result,  it  often  happens 
that  fusible  elements  of  a  capacity  not  warranted  by  the  conditions  have  been 
placed  in  fuses  and  because  the  elements  could  not  [have]  been  seen  these  have 
been  passed  as  safety  devices,  on  the  assumption  that  the  elements  were  of  the 
proper  capacity  and  of  the  rating  stated  on  the  fuses,  whereas,  as  a  matter  of  fact, 
the  fusible  elements  were  of  so  much  greater  capacity  that  the  fuses  instead  of 
being  safety  devices  were  an  element  of  danger. 

Then  he  goes  on  to  say  that  the  object  of  this  de\'ice  is  to  so  construct  an  inclosed 
fuse  that  after  the  fusible  element  originally  placed  therein  has  been  disrupted  or 
destroyed  the  structiire  can  not  be  disassembled  or  manipulated  in  such  a  manner 
that  another  fusible  element  can  be  placed  in  tlie  interior.  In  other  words,  the  argu- 
ment I  make  from  this  is  that  here  is  an  admission  right  from  the  manufacturers  of 
approved  fuses  that  all  the  fuses  are  refillable.  It  is  here  stated  right  in  their  own 
patent  application  as  the  reason  why  they  considered  the  nonrefiUable  fuse  an  advance 
in  the  art. 

Then  we  have  an  affidavit  from  Walter  E.  Flickinger,  who  says  ^reading) — 

That  he  is  the  engineer  of  the  Michigan  Inspection  Bureau  located  in  the  city 
of  Detroit,  County  of  Wayne,  Mich. ;  that  he  has  been  in  the  service  of  said  bureau 
for  a  period  of  five  years;  that  his  department  has  jurisdiction  over  all  interior 
wiring  within  the  State  of  Michigan. 

Affiant  states  that  tliere  are  four  inspectors  whose  duty  it  is  to  investigate  the 
condition  of  electrical  wiring  and  electrical  equipments  within  the  territory 
referred  to  above;  that  tliey  investigate  accidents  and  fires  which  might  be  re- 
ported to  them  as  having  been  caused  by  electrical  defects. 

Affiant  furtlier  states  tliat  he  has  instructed  said  electrical  inspectors  to  notice 
carefully  the  condition  of  fuses  protecting  electrical  circuits;  that  said  inspectors 
have  advised  him  that  they  have  found  so-called  standard  nonrelillable  fuses 
abused  in  service;  that  said  abuse  usually  consisted  of  bridging  the  terminals 
either  on  the  interior  or  the  exterior  of  the  fuse  with  copper  wire,  steel  \vire,  nails, 
and  lead  and  fuse  strip  of  unknown  capacitj'  and  rating;  that  such  practices  were 
a  distinct  fire  hazard. 

Affiant  further  states  that  the  item  of  cost  in  replacing  so-called  standard  non- 
refiUable fuses  is  responsible  in  some  measure  for  the  abuse  of  the  device  in 
service;  that  to  reduce  fuse  maintenance  expense  the  hazardous  practice  of 
refilling  st mdard  fuses  with  elements  of  greater  carn,-ing  capacity  is  resorted  to. 

AfBant  further  states  that  he  is  of  the  opinion  that  the  renewable  fuse  as  manu- 
factured by  the  Economy  Fuse  &  JIanufacturing  Co.  might  reduce  the  fire  hazard 
because  of  the  ease  and  quickness  with  which  said  fuses  can  be  properly  refilled 
with  an  element  of  kno\\Ti  capacity. 

Affiant  further  states  that  his  inspectors  have  never  reported  to  him  that  the 
fuses  now  put  out  by  the  Economy  Fuse  &  Manufacturing  Co.  have  been  im- 
properly refilled  on  the  premises;  that  in  his  own  personal  investigations  he  has 
never  obser\'ed  the  improper  refilling  of  said  fuses  and  that  his  experience  has 
shown  that  said  fuses  always  operate  satisfactoril)'  when  properly  refilled. 

I  also  want  to  refer,  because  it  is  getting  near  the  closing  hour  of  12.30,  to  a  state, 
ment  made  by  Mr.  Merrill  on  the  question  of  the  use  of  refillable  fuses,  which  I  think 
is  entitled  to  very  considerable  weight.  This  is  one  of  the  things  he  was  investigating 
at  the  time  when  this  refillable  fuse  question,  as  a  question,  was  more  or  less  nev.'. 
At  that  time,  on  account  of  the  wording  of  the  National  Electrical  Code  under  which 
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the  Laboratories  make  their  tests  and  with  the  requirements  of  which  we  claim  that 
our  fuse  complied,  of  course  Mr.  Merrill  thought  it  very  proper  to  state  whether  or  not 
our  fuse  complied  with  the  code,  and  in  his  report  he  makes  some  observations  on  this 
practice  of  improper  refilling,  and  what  he  considered  to  be  the  desirable  part  and  use 
of  refillable  fuses,  which  I  think  will  be  of  interest.  His  observations  were  as  follows. 
(Reading.) 

The  design  of  these  fuses  and  the  ease  with  which  they  may  be  renewed  with 
proper  elements  supplied  by  the  manufacturer,  lessen  to  an  appreciable  extent 
the  likelihood  that  improper  fuse  elements  will  be  employed  in  them. 

Information  obtained  from  insiu'ance  and  municipal  inspection  departments 
and  from  listed  manufacturers  of  cartridge-inclosed  fuses,  all  indicate  that  the 
practice  of  renewing  or  refilling  fuses  by  the  users  is  on  the  increase  and  that  a 
growing  demand  is  being  made  on  the  manufacturers  for  fuse  elements  and  parts 
to  carry  on  this  work.  In  some  instances  the  manufacturers  have  supplied  parts 
of  fuses  for  this  purpose. 

Since,  from  such  reports  as  are  obtainable,  it  would  appear  that  the  practice  of 
renewing  or  refilling  fuses  by  users  is  increasing,  it  would  appear  proper  to  give 
careful  consideration  to  a  form  of  fuse  which,  if  properly  used,  may  tend  to  reduce 
the  bad  results  which  must  be  anticipated  from  any  attempt  to  refill  standard 
cartridge  fuses  which  are  not  designed  for  such  service,  except  when  refilled  by 
the  original  manufacturer.   ' 

The  practice  of  rebuilding  fuses  and  substituting  homemade  and  dangerous 
fusible  elements  on  the  part  of  users  and  others  than  the  original  manufacturers, 
usually  results  in  inadequate  protection  against  overloading  of  the  circuits  of 
which  the  fuses  are  a  part,  if  not  the  introduction  of  a  distinct  and  additional 
fire  hazard. 

Standard  cartridge-inclosed  fuses  of  the  present  types  are  intentionally  con- 
structed to  be  difTicult  of  renewal  and  the  consequent  cost  of  rebuilding  is  so  high 
that  a  great  inducement  exists  for  the  user  to  keep  circuits  in  commission  by 
patching  up  fuses  with  lead  alloy  or  copper  wire,  or  by  any  other  means  that  may 
suggest  itself.  The  manufacturers  do  not  supply  fuse  parts  as  a  matter  of  regular 
business. 

WTiich,  of  course,  makes  the  cost  of  reassembling  of  fuse  absolutely  prohibitive; 
even  though  it  may  be  more  or  less  easy  of  reassembling  they  have  not  the  parts 
to  put  in. 

And  even  if  the  elements  could  be  purchased  it  is  quite  certain  that  the  rebuilt 
fuses  would  be  of  uncertain  quality  and  safety,  owing  to  the  complicated  con- 
struction of  the  devices,  the  somewhat  delicate  relations  to  be  observed  in  assem- 
bling these  fuses  and  the  probability  that  certain  parts  may  have  been  injured  or 
lost  in  doing  the  work. 

From  all  available  sources  the  evidence  upon  the  renewing  of  cartridge-inclosed 
fuses  is  such  that  the  Laboratories  are  of  the  opinion  that  a  well-designed  and 
constructed  rene%vable  fuse  having  simple  parts  and  low-priced  fusible  elements 
should,  on  satisfactory  performance,  be  considered  with  favor  as  tending  to  re- 
place improper  and  dangerous  substitutes  and  discouraging  the  activities  of  incom- 
petent persons  in  work  of  this  nature. 

I  have  just  two  more  statements  from  men  of  experience  in  the  actual  investigation 
of  fuses.     The  next  is  from  James  H.  Fenton.     (Reading.) 

James  H.  Fenton,  being  duly  sworn,  deposes  and  says  that  he  is  located  in 
the  city  of  St.  Louis,  State  of  Missouri,  and  is  the  electrical  engineer  for  the  St. 
Louis  Fire  Prevention  Bureau,  an  insurance  organization  for  the  inspection  and 
improvement  of  buildings  insured  by  a  large  number  of  insurance  companies. 
His  duties  are  inspecting  and  advising  upon  safe  methods  for  electric  wiring  and 
appliances  for  light,  heat,  and  power  inside  of  buildings.  He  has  been  engaged 
in  this  work  almost  continuously  for  25  years. 

Affiant  says  in  connection  with  this  work  that  the  abuse  of  the  fuse  element 
used  for  protection  of  electric  light,  heat,  and  power  wiring  is  a  source  of  great 
danger,  principally  from  what  is  known  as  overfusing  and  destroying  the  pro- 
tection afforded  by  the  proper  fuse  element. 

Affiant  believes  if  a  proper  renewable  fuse  can  be  furnished  with  a  standard 
rated  capacity  it  would  greatly  lessen  the  danger  from  fires  caused  by  electric 
wiring  and  prevent  the  user  from  refilling  or  jumping  the  fuse  with  copper  wire, 
etc.  It  is  an  opinion  of  all  inspectors  connected  with  the  office  that  a  fuse 
element  that  can  be  examined  is  preferred  to  one  that  is  not  accessible,  and  if 
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a  fuse  that  could  be  easily  renewed  could  be  approved,  it  would  be  helpful  in 
relieving  the  practice  of  overfusing. 

Affiant  further  states  that  in  order  to  obtain  definite  knowledge  of  the  use  of 
renewable  fuses  in  his  territory  a  personal  examination  was  made  of  a  number 
of  installations  in  which  the  aforesaid  fuses  are  installed  and  he  found  that  they 
had  given  entire  satisfaction  to  users  and  are  a  great  help  to  inspectors  in  deter- 
mining whether  the  fuse  element  is  of  proper  rated  capacity  to  safely  protect 
the  wire  or  device  installed. 

I  might  say  that  Mr.  Fenton  would  not  give  us  any  statement  until  he  had  taken 
two  or  three  weeks'  time  after  our  request  was  made  to  make  this  personal  investi- 
gation of  his  owTi,  and  he  sent  us  that  statement. 

The  next  is  from  Fred  G.  Waldenfels,  who  said.     (Reading.) 

Fred  G.  Waldenfels,  being  first  duly  sworn,  deposes  and  says  that  he  is  located 
in  the  city  of  Chicago,  Cook  County,  111.,  and  is  and  has  been  for  the  past  eight 
years  continuously  engaged  in  tlie  supervision  of  installation,  operation,  and 
maintenance  of  electrical  wiring  and  apparatus  as  chief  electrical  inspector  for 
the  Chicago  Board  of  Undenvriters;  that  as  such  the  electrical  inspector  acts  in 
an  advisory  capacity  to  the  insurance  companies  constituting  the  Chicago  Board 
of  Fire  Underivriters ;  that  the  jurisdiction  of  said  board  covers  all  electrical 
wiring  and  apparatus  within  Cook  County,  and  that  frequently  he  consults  with 
insurance  companies  in  regard  to  the  electrical  wiring  and  apparatus  for  points 
outside  of  the  above-mentioned  territon,". 

Affiant  further  says  that  he  inspects  annually  approximately  2,500  buildings 
and  that  because  of  his  knowledge  of  the  fire  hazard  resulting  in  the  misuse  of 
inclosed  cartridge  fuses,  he  gives  particular  attention  to  the  examination  and 
inspection  of  electrical  protective  devices,  which  includes  cartridge-inclosed 
fuses. 

Affiant  further  states  that  about  two  years  ago  the  Chicago  Board  of  Under- 
writers issued  general  instructions  permitting  tlie  use  of  Economy  renewable 
fuses  in  installations  under  its  jurisdiction,  in  order  to  obtain  actual  sers-ice 
experience  in  the  operation  and  maintenance  of  same,  and  because  of  this  per- 
mission to  use  he  has  given  special  attention  in  his  investigation  to  Economy 
fuses  in  various  classes  of  buildings  and  ser\'ice. 

Affiant  has  also  questioned  a  large  number  of  users  of  Economy  fuses,  and  the 
users,  almost  without  exception,  report  that  said  fuses  are  giving  excellent  satis- 
faction; tliat  they  are  almost  invariably  refilled  in  a  proper  manner  with  the 
renewal  element  of  the  proper  capacity  to  protect  the  \\  ires  or  devices,  and  that 
the  user  generalh-  has  a  large  stock  of  Economy  element  on  hand  for  emergency 
service.  These  reports  from  the  users  are  confirmed  by  investigations  made  by 
this  affiant  and  his  investigation  has  shown  that  much  greater  stocks  of  fuses  in 
renewal  elements  are  carried  on  hand  because  of  the  small  investment  involved 
than  are  carried  of  standard  fuses  when  the  so-called  nonrenewable  or  standard 
fuses  are  used.  Affiant  says  that  he  has  discovered  only  one  or  two  cases  of 
improper  renewals  of  Economy  fuses,  which  shows  very  marked  decrease  in  the 
abuse  of  fuses. 

Affiant  fmther  states  that  tlie  so-called  nonrenewable  or  "standard"  fuse  is 
very  generally  abused,  in  many  cases  for  the  reason  that  the  user  considers  the 
cost  of  replacing  a  blown  fuse  with  a  new  one  exorbitant.  In  many  cases  a 
deliberate  attempt  to  overfuse  the  circuit  by  bridging  the  circuit  either  across 
fuse  terminals  or  within  the  cartridge  fuse  has  been  found. 

Affiant  further  states  that  he  receives  dail)'  reports  of  all  fires  in  the  city  of 
Chicago  as  issued  by  the  Chicago  Fire  Insurance  Patrol,  and  that  he  inspects  all 
premises  after  fires  which  have  been  reported  by  the  Chicago  Fire  Insurance 
Patrol  as  having  been  caused  by  defects  in  tlie  electrical  wiring  or  apparatus,  or 
otherwise  known  as  "  electrical  fires. "  In  the  fires  reported  in  this  manner,  inves- 
tigation shows  that  a  large  number  of  same  have  been  caused  by  the  operation 
or  lack  of  operation  of  so-called  nonrenewable  or  "standard"  fuses  which  had 
been  improper!)'  refilled  or  bridged,  but  in  the  experience  of  affiant  no  fire  has 
been  found  to  be  caused  bj'  the  use  of  Economy  renewable  fuses.  Many  fires 
of  electrical  origin  reported  by  the  Chicago  Fire  Insurance  Patrol  as  defective 
motors,  etc.,  can  be  traced  to  the  operation  of  so-called  "standard"  cartridge 
fuses  which  have  been  improperly  refilled  by  the  user  with  such  materials  as 
copper  wire,  nails,  lead  fuse  wire,  of  incorrect  capacity,  etc. ,  and  a  large  number 
of  investigations  prove  the  cause  to  be  the  use  of  jumpers  across  the  fuse  termi- 
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nals.  The  most  recent  investigation  made  was  that  of  a  fire  which  occurred  on 
May  17,  1915,  in  the  pent  house  of  a  hotel  at  66-72  West  Randolph  Street,  Chi- 
cago, this  fire  having  been  reported  as  caused  by  a  defective  elevator  motor. 
Upon  investigation  it  was  found  that  a  pump  circuit  was  tapped  from  the  elevator 
motor  circuit  and  the  fuses  used  in  the  pump  circuit  were  each  bridged  with 
No.  14  copper  wire.  One  fuse  was  totally  destroyed,  and  the  other  was  in  a  very 
badly  damaged  condition,  but  in  each  cut-out  clips  the  copper  jumpers  were 
intact;  the  one  fuse  and  two  copper  jumpers  referred  to  were  removed  by  affiant 
and  are  submitted  herewith  and  marked  Exhibit  No.  i. 

Affiant  furtlier  states  that  his  experience  indicates  a  general  public  demand  for 
the  use  of  a  practically  designed  renewable  fuse,  such  as  is  made  by  the  Economy 
Fuse  &  Manufacturing  Co.,  and  that  the  cause  for  this  demand  on  the  part  of  the 
user  is  because  of  the  general  desire  to  reduce  operating  expenses,  which  expense 
for  cartridge  fuses  is  a  considerable  item  in  plant  maintenance,  and  tliat  affiant, 
as  well  as  the  users  who  formerly  preferred  the  use  of  open-link  fuses  in  fireproof 
cabinets,  now  prefer  Economy  fuses  to  the  so-called  nonrenewable  or  "standard" 
fuses  in  such  installations. 

Then  we  have  a  letter  from  Mr.  Sellers,  of  Columbus,  Ohio,  who  is  also  a  member 
of  the  electrical  committee,  I  think,  addressed  to  our  company.     (Reading.) 

We  have  your  favor  of  the  22d  instant  inclosing  affidavits  made  by  a  number  of 
electrical  inspectors  regarding  their  experience  with  cartridge-inclosed  fuses,  both 
of  the  standard  approved  nom-enewable  types  and  also  renewable  fuses  of  the 
Economy  type. 

You  request  that  we  advise  you  as  to  the  experience  this  bureau  has  had  in  this 
field  witli  the  above  types  of  fuses,  and  replying  thereto  we  wish  to  state  that 
while  our  data  can  not  be  considered  complete,  yet  our  records  do  not  show  that 
any  serious  results  have  been  occasioned  by  the  misuse  of  improper  elements 
being  inserted  in  either  of  these  types  of  fuses. 

In  our  territory  in  this  immediate  vicinity  the  renewable  fuses  of  the  Economy 
type  are  not  generally  carried  in  stock  by  the  jobbers,  and  therefore  our  experi- 
ence with  same  has  been  more  or  less  limited. 

As  requested,  we  are  returning  herewith  the  papers  which  you  sent  us. 

Then  we  have  a  letter  from  the  Cleveland  Inspection  Biireau,  of  which  C.  H.  Pat- 
ton,  whom  I  think  is  well  known  to  this  Bureau,  is  the  head,  and  he  countersigned 
the  letter.     (Reading.) 

The  undersigned  herein  offers  his  views  as  regard  installation  of  the  above-named 
type  of  fuses,  viz: 

?i)  Inclosed  fuses  of  all  makes  have  been  found  to  be  badly  abused. 

(2)  The  refillable  type  is  of  no  more  hazard  than  that  of  the  nonrefillable  type. 

(3)  That  either  types  when  properly  installed  according  to  code,  and  not  abused, 
are  considered  equivalent  to  standard  approved  by  this  office. 

I  understand  you  wish  to  take  a  recess  at  12.30.  That  finishes  one  part  of  the  argu- 
ment. 

Dr.  StraTTon.  Owing  to  the  fact  that  otu"  luncheon  hour  was  set  for  half  past  12, 
we  shall  now  take  a  recess  of  an  hour. 

(Thereupon,  at  12.36  o'clock  p.  m.,  the  conference  recessed  for  one  hour.) 

At  the  expiration  of  the  recess  the  hearing  was  resumed. 

Dr.  Ros.'i.  Dr.  Stratton  will  not  be  here  this  afternoon.  We  have  the  names  of  Mr. 
Cunningham,  representing  the  D.  &  W.  Co.  and  the  Chase-Shawmut  Co.;  Mr.  Sargent, 
of  the  General  Electric  Co.;  Mr.  Skinner,  of  the  Westinghouse  Co.;  Mr.  Bates,  of  the 
Bryant  Electrical  Co.;  and  Mr.  Daum,  of  the  A.  F.  Daum  Co.  We  assume  these  gen- 
tlemen will  have  something  to  say  in  the  discussion  this  afternoon,  and  if  there  are 
others  that  would  like  to  speak  on  either  side  of  this  question  we  would  like  to  have 
their  names  handed  in  so  that  we  can  call  upon  them. 

Mr.  Foote,  representing  the  Economy  company,  will  have  an  opportimity  to  add 
anything  he  may  desire  to  the  argument  he  made  this  morning  after  the  others  have 
been  heard.     We  will  first  hear  Mr.  Merrill,  of  the  Underwriters'  Laboratories. 
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FITRTHER  STATEMENT  BY  W.  H.  MERRILL 

Mr.  Merrill.  Mr.  Director  and  members  of  the  staff,  I  tliink  it  is  important  in  the 
consideration  of  this  question  that  we  should  have  clearly  in  mind  exactly  what  we 
are  talking  about  when  we  refer  to  the  Economy  fuse.  The  record  shows  that  this 
company  entered  the  fuse  business  some  time  diuing  the  summer  of  igi2,  and  very 
properly  and  very  naturally  looked  into  the  state  of  the  art  as  it  then  was  and  decided 
on  the  use  of  a  powdered  filler  as  an  essential  element  in  inclosed-fuse  construction. 
The  powdered  filler  was  what  originally  made  the  inclosed  fuse  possible.  There  were 
all  sorts  of  attempts  in  the  old  days  to  surroimd  a  fuse  element  in  some  way  so  as  to 
prevent  a  disruptive  discharge.  It  is  not  necessary  to  review  history  to  show  that 
various  forms  of  sleeves,  binders,  and  tubes  were  used,  but  it  is  a  well-known  fact 
that  until  the  powdered  filler  came  into  vogue,  until  that  invention  was  brought  into 
the  market,  no  form  of  inclosed  fuse,  so  far  as  I  am  aware,  gave  a  successful  service 
record. 

Now,  bear  in  mind  that  this  manufacturer  utilized  the  powdered  filler  in  his  device 
up  to  the  latter  part  of  1913.  Our  records  on  file  with  you  indicate  that  his  applica- 
tion to  us  for  a  change  was  made  a  short  while  before  January,  1914;  that  is,  he  put  on 
the  market,  as  was  brought  out  by  Mr.  Foote  this  morning,  a  great  many  thousand 
fuses  utilizing  the  powdered  filler,  and  this  was  two  or  more  years  ago. 

Owing  to  the  necessities  of  his  business  (the  reasons  need  not  necessarily  have  a 
bearing  on  this  question)  he  abandoned  the  use  of  the  powdered  filler  and  looked 
about  for  a  substitute,  and  about  the  latter  part  of  1913  called  to  our  notice,  and  in  the 
early  part  of  January,  1914,  adopted,  the  use  of  an  asbestos  sleeve  over  the  fuse  ele- 
ment, with  what  he  termed  a  "shredded  asbestos  end  packing, "  indicating  that  while 
he  was  prevented  from  using  the  standard  form  of  filler  he  still  felt  at  that  time  that 
some  form  of  filler  was  necessary.  That  is,  then.  Economy  fuse  No.  2,  Economy  fuse 
No.  I  being  the  one  with  the  powdered  filler,  and  Economy  fuse  No.  2  being  the  one 
with  the  shredded  asbestos  packing  and  the  asbestos  sleeve  around  the  fuse  element. 

I  do  not  understand  that  the  manufactiuer  contends  that  the  shredded  asbestos  fuse 
was  in  any  way  successful .  While  he  put  several  tliousand  of  them  on  the  market ,  I 
do  not  understand  that  he  feels  it  performed  well  under  experimental  laboratory  con- 
ditions, or  that  it  was  a  successful  fuse  in  service.  I  think  the  record  of  the  tests  indi- 
cates that  the  shredded  asbestos  fuse  was  objectionable,  and  I  think  our  Laboratories' 
record  stands  as  criticizing  that  form  of  construction,  and  so  far  as  I  know  no  objection 
has  been  made  to  our  statements  in  reference  to  Economy  fuse  No.  2. 

He  then  turned  his  attention  to  overcoming  the  defects  in  Economy  fuse  No.  2  with- 
out going  back  to  the  very  nearly  standard  form  of  construction ,  utilizing  the  powdered 
filler  which  he  had  been  shown  in  Economy  fuse  No.  i .  That  matter  was  called  to  our 
attention  some  time  about  June,  1914,  when  he  brought  out  Economy  fuse  No.  3. 

Economy  fuse  No.  3 ,  as  shown,  had  no  form  of  filler.  It  utilized  as  a  distinctive  feature 
the  notched-fuse  element,  and,  as  I  understand  it,  it  depends  for  its  successful  operation 
on  a  slow  form  of  relief  of  the  pressure  generated  by  the  disruptive  discharge  occa- 
sioned when  the  fuse  blows.  That  fuse  has  continued  on  the  market  since  about  Jiuie, 
1914. 

At  some  time  within  the  past  two  months,  I  think  it  will  appear,  further  changes  were 
made  in  the  design,  not  important  radical  changes  such  as  differentiate  Economy  fuse 
No.  I  from  No.  2  and  such  as  differentiate  No.  3  from  either  No.  i  or  No.  2,  but  changes 
which  may  or  may  not  be  important.  The  data  are  not  at  hand  as  yet  to  indicate  the 
importance  of  these  changes,  but  we  simnise  that  many  of  them  are  relatively  unim- 
portant. A  review  covering  the  details  of  construction  of  fuses  received  from  the  man- 
ufacturer within  the  last  month,  as  compared  with  those  of  the  latest  type  described 
as  Economy  fuse  No.  i.  No.  2,  and  No.  3,  shows  the  most  essential  difference  consists 
in  the  use  of  brass  end  washers  in  the  unfillable  type,  as  compared  with  the  phosphor- 
bronze  washers  as  last  submitted.     These  washers  are  one  thirty-second  inch  in  thick- 
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ness  in  fuses  of  200  amperes  capacity  and  have  as  backing  two  leather  washers.  In  the 
two  samples  that  we  compared  the  notched  brass  plates  forming  the  inclosures  at  the 
end  of  the  fuse  were  0.029  inch  in  thickness  in  the  old  sample  and  0.097  inch  in  tlie  new 
sample,  and  the  turn  caps  in  the  new  sample  were  foimd  to  be  i  inch  in  length  and 
twenty-nine  thirty-seconds  inch  in  length  in  the  old  sample.  In  the  new  sample  of 
100  amperes  capacity,  250  volts,  the  end  brass  plate  was  found  to  be  0.062  inch  in  thick- 
ness, and  0.067  inch  in  the  old,  and  the  turn  cap  one-half  inch  in  the  new  and  seven- 
sixteenths  inch  in  the  old  sample.  In  the  300-ampere,  250-volt  samples,  no  changes 
whatever  could  be  observed. 

It  is  appreciated  that,  aside  from  the  changes  in  materials  of  the  end  washers,  the 
differences  in  dimensions  are  slight  and  of  general  inconsequence,  and  it  is  also  appre- 
ciated that  the  figures  are  based  upon  individual  samples  and  do  not  necessarily  repre- 
sent an  average.  And  we  do  not  contend  that  these  very  recent  changes,  so  far  as  our 
records  are  concerned ,  are  perhaps  sufficient  to  designate  the  June,  19 1 5 ,  Economy  fuse 
as  Economy  fuse  No.  4,  but  they  certainly  show  added  evidence  of  an  instability  in 
design  and  construction  details  of  this  device. 

The  point  I  wish  to  emphasize  very  particularly,  and  that  I  think  has  a  very  vital 
bearing  on  everj-thing  Mr.  Foote  has  presented  here,  almost  without  exception,  is  the 
essential  difference  in  the  device  that  he  made  when  he  abandoned  the  use  of  the 
powdered  filler  and  the  further  very  essential,  comparatively  recent,  and  very  radical 
change  in  the  appliance  which  is  in  the  Economy  fuse  to-day.  All  of  this  evidence 
from  customers  and  users,  all  these  affidavits  from  inspectors,  of  which  I  wish  to  speak 
specifically  a  little  later,  I  notice  cover  periods  of  two  years  ago.  Mr.  Tousley's 
affidavit  that  was  read  specifically  stated  that  two  years  ago  he  started  this  investiga- 
tion; Mr.  Hubbell  specifically  mentioned  two  years  ago;  Mr.  Waldenfels  specifically 
mentioned  two  years  ago,  showing  very  clearly  tliat  it  was  the  powdered-filler  fuse 
that  they  were  investigating  and  not  the  fuse  tliat  is  before  this  board  for  investiga- 
tion and  report  imder  the  agreement  between  this  manxifacturer  and  Underwriters' 
Laboratories. 

It  is  more  or  less  common  in  all  manufactming  enterprises  to  change  models,  and  it 
is  always  more  or  less  common  to  use  the  same  trade  name  as  applying  to  several  differ- 
ent styles  of  articles,  but  it  is  very  confusing.  I  know  of  nothing  in  our  business  that 
causes  more  intricacies  in  our  records,  more  trouble  in  seeking  to  give  correct  advices, 
than  to  keep  track  sometimes  of  the  various  articles  that  are  put  out  under  a  single 
trade  name  and  which  vary  in  design,  construction,  and  performance.  It  is  quite 
common  among  a  number  of  owners  or  experimenters  that  enter  into  a  business  because 
it  seems  attractive,  and  not  because  they  have  had  any  particular  experience  in  it,  to 
choose  a  good  trade  name  and  then  go  ahead  and  experiment  with  different  appliances 
under  it — "  Eurekas, "  "  Excelsiors"  ;  those  things  are  quite  common. 

I  remember  an  acetylene  gas  mantifacturer  who  came  into  my  office  not  so  very  long 
ago  with  his  arm  in  a  sling  and  a  bandage  about  his  head.  He  said,  "  I  am  the  manu- 
facturer of  an  acetylene-gas  machine,  and  my  machine  is  perfectly  safe."  I  said, 
"Were  you  in  a  railway  accident,  or  have  you  been  experimenting  with  high  explo- 
sives or  something?"  "No,  "he  said,  "  that  was  the  machine  that  I  made  before  I  made 
this  one  that  caused  the  trouble,  but  the  one  I  make  now  is  perfectly  safe."  I  said, 
f  What  is  the  name  of  the  machine?"     He  said,  "We  call  them  both  the  'Eureka'." 

It  seems  to  me  that  Brother  Foote  is  a  little  bit  tm-ned  around  so  far  as  the  affidavits 
go,  on  the  same  basis.  He  started  in  to  make  a  pretty  good  fuse,  and  he  has  got  a  lot  of 
evidence  that  shows  he  made  a  pretty  good  fuse ;  he  has  got  a  lot  of  laboratory  tests  that 
show  he  made  a  pretty  good  fuse ;  but  he  did  not  keep  it  up.  He  admittedly  afterwards 
made  an  inferior  fuse,  and  my  point  is  that  he  has  not  yet  proved  conclusively  that  the 
present  Economy  fuse  No.  3  is  by  any  means  the  equal  of  Economy  fuse  No.  i. 

At  the  same  time,  I  do  not  want  to  have  too  much  importance  placed  on  these 
affidavits  and  this  record  of  experience  from  customers.     I  thought  we  were  going 
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to  have  40  affidavits,  but  Mr.  Fcxjte  tells  us  he  had  40  letters  and  affidavits,  and  he 
read  this  morning  14  affidavits.  He  said  he  had  heard  from  about  40  inspection 
departments  on  the  subject.  Now,  there  are  something  over  240  inspection  depart- 
ments in  this  country,  and  he  had  affidavits  from  14  of  them. 

Let  us  look  at  those  affida%ats.  Let  us  take  Mr.  Tousley 's.  Mr.  Tousley  recites  that 
he  is  city  electrician  of  Chicago,  and  that  in  the  territory  imder  his  jurisdiction  he 
two  years  ago  permitted  the  use  of  Economy  fuse  No.  i,  and  has  continued  it  for  two 
years  in  that  territory,  keeping  careful  watch  of  them,  and  he  is  quite  willing  to  con- 
tinue their  use  in  that  territory.     That  is  Mr.  Tousley,  the  city  electrician  of  Chicago. 

Now  let  us  see  what  the  record  is.  The  records  on  file  here  at  the  Bureau,  being 
the  records  of  the  electrical  committee  of  the  National  Fire  Protection  Association 
and  the  switch  and  fuse  cut-out  committee  of  that  association,  both  of  which  have  been 
filed  here  through  action  of  those  organizations,  indicate  that  Mr.  Tousley,  among 
others  of  that  committee,  voted  that  as  a  national  question  a  proper  response  to  the 
inquiry  that  is  before  this  board  for  decision  was  "  Not  yet  has  it  been  shown  that  the 
fuses  of  the  Economy  Fuse  &  Manufacturing  Co.,"  etc.;  and  that  committee  said, 
"Not  yet."  They  may  have  had  in  mind  the  various  changes,  possibilities  of 
changes,  or  different  models;  they  may  have  had  varying  views,  varying  tests,  and 
varying  records,  but  certainly  they  went  into  it  carefully.  The  National  Electrical 
Code  stands  as  a  monument  of  the  work  of  that  committee,  and  it  must  be  believed 
that  the  unanimous  decision  of  that  committee  came  pretty  nearly  stating  the  best 
thought  on  the  subject  up  to  that  time. 

Now  you  may  ask  how  Mr.  Tousley,  as  city  electrician  of  Chicago,  says  one  thing 
and  as  a  member  of  the  national  committee  having  to  do  with  this  subject  says  some- 
thing rather  different.  You  may  have  felt  that  there  were  some  mental  gymnastics 
a  fellow  would  have  to  go  through  in  order  to  be  in  two  positions  apparently  at  the 
same  time;  but  it  does  not  strike  me  that  way.  It  seems  to  me  that  Mr.  Tousley  is 
quite  right  in  permitting  a  field  experience  with  this  or  any  other  novel  type  of  device 
in  the  territory'  under  his  jurisdiction  where,  as  he  says  in  his  affidavit,  he  has  such  a 
large  corps  of  inspectors  who  are  so  constantly  watching  these  devices  and  exercising 
such  careful  supervision  over  them,  and  he  was  quite  willing  to  have  the  experiment 
tried  in  Chicago  to  get  field  experience  with  this  device.  But  as  for  subscribing  his 
name  as  a  member  of  a  national  committee,  saying  that  this  device  had  been  shown 
to  be  proper  to  put  into  the  hands  of  Tom,  Dick,  and  Hany  throughout  the  country 
where  no  inspection  or  supervisory  servnce  exists,  Mr.  Tousley  very  properly  says, 
"  Not  yet"  under  those  conditions,  concurring  in  the  expressions  of  the  other  members 
of  that  committee. 

And  that  is  the  question  before  this  tribunal.  It  is  not  a  question  for  the  city  of 
Chicago  or  the  city  of  Washington ;  it  is  a  question  for  the  whole  United  States.  And 
remember,  please,  that  the  number  of  electrical  installations  that  are  actually  inspected 
in  this  coimtry  is  comparatively  small ;  most  of  the  installations  are  not  inspected  at 
all — those  in  the  coimtry  district,  those  in  many  of  the  smaller  cities — and  while 
the  number  of  inspection  departments  has  increased,  it  is  not  yet  possible  to  get  away 
from  the  thought  that  in  putting  a  device  out  for  general  use  or  indorsing  it  for  general 
use  it  should  be  clearly  demonstrated  that  it  can  not  be  misused  and  that  it  is  efficient 
for  the  purpose  intended. 

I  conceive  that  Mr.  Boyd,  whose  affidavit  was  read,  takes  exactly  the  same  position. 
He  is  a  member  of  this  electrical  committee  and  in  his  position  as  a  member  of  the 
national  committee  he  says,  "Not  yet;"  whereas  La  the  territory  imder  his  immediate 
supervision  he  is  content  to  let  the  thing  be  experimented  with,  and  he  sees  a  good 
deal  of  virtue  in  it  and  is  in  favor  of  trying  it  out.  The  same  is  true  of  o-ai  friend  from 
Cleveland.  Mr.  Patton  is  a  member  of  the  executive  committee  that  indorsed  the 
action  of  the  electrical  committee,  saying  they  thought  it  was  a  wise  and  proper 
decision  to  say  that  the  experience  with  this  fuse  was  not  sufficient  to  warrant  them  in 
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recognizing  it  in  tiie  code.     They  did  not  say  that  it  might  not  be;  they  did  not  say 
definitely  that  it  is  not  a  good  fuse ;  they  said,  "  It  has  not  yet  been  shown. 

There  have  been  various  interpretations  placed  on  what  one  committee  said  or 
another  committee  said,  but  the  authoritative  interpretation  was  placed  on  it  by 
the  executive  committee,  and  they  said  that  the  sum  and  substance  of  the  whole 
thing  was  contained  in  those  two  words;  that  the  answer  to  this  question  that  is  before 
you  for  decision,  in  the  opinion  of  that  executive  committee,  and  what  the  electrical 
committee  intended  to  say,  was  "Not  yet." 

I  do  not  see  how  you  can  say  after  this  evidence  to-day  either  a  positive  yes  or  a 
positive  no,  or  give  a  positive  assurance  one  way  or  the  other  on  this  fuse,  unless  you 
are  willing  to  take  the  position  that  a  device  that,  after  all,  has  had  a  comparatively 
limited  field  experience,  that  has  not  been  on  the  market  for  more  than  a  year,  roughly 
speaking,  and  that  has  not  been  introduced  in  what  we  call  very  large  volume  as 
compared  with  the  total  volume  of  fuses — how  you  can  deduce  any  other  conclusion 
than  the  one  that  was  arrived  at  by  that  committee  that  has  been  considering  this 
matter  for  so  many  years.  It  is  needless  for  me  to  refer  to  the  personnel  of  that 
committee  or  the  people  they  represent. 

I  want  now  to  refer  to  the  "  young  library ' '  that  Mr.  Foote  has  filed  here  in  the  way 
of  letters  from  customers  or  answers  to  the  questions  that  were  sent  to  the  users  of 
these  devices.  I  presume  that  yoiu-  experience  is  very  much  like  my  own ;  that  across 
yovti  desks  everj'  day  come  letters  from  users  of  various  appliances  indorsing  them  for 
reasons  which  are  to  them  sufficient.  Well,  other  branches  of  the  Federal  Government 
have  brought  action  and  practically  put  out  of  business  a  good  many  concerns  in  this 
coimtry  whose  whole  stock  in  trade  was  indorsements  from  users — drugs  which  had 
no  proper  healing  value,  and  mixtures  and  food  products  of  all  kinds.  It  is  the  his- 
tory of  numberless  fire  appliances  that  those  that  have  received  apparently  the  greatest 
volume  of  indorsements  from  their  users  or,  at  any  rate,  whose  makers  have  appealed 
to  the  users  to  secure  the  greatest  volume  of  indorsements,  have  almost  imiversally 
failed  sooner  or  later  in  practical  experience.  We  do  not  find  the  makers  of  standard 
wares  speaking  very  often  or  constantly  of  the  opinions  of  the  users. 

We  had  the  case  of  a  dry-powder  fire  extinguisher,  so  called.  It  was  a  tin  tube, 
worth  about  a  nickel,  which  held  a  few  cents'  worth  of  bicarbonate  of  soda  and  iron 
filings,  painted  red,  and  said  to  be  good  to  extinguish  fire.  The  manxifactming  cost 
was  possibly  in  the  neighborhood  of  15  cents,  and  they  used  to  be  successful  in  selling 
them  for  $3  apiece,  sometimes  less  but  generally  about  $3.  The  enormous  sales 
expense,  perhaps,  justified  the  price,  because  they  went  about  the  country  making 
all  sorts  of  demonstrations.  They  used  to  go  into  a  man's  office,  set  fire  to  gasoline  in 
a  cuspidor,  sprinkle  this  powder  over  it,  and  the  fire  would  go  out,  of  course,  because 
the  gasoline  would  act  on  the  bicarbonate  of  soda  and  it  would  stop  the  combustion 
in  the  cuspidor.  That  appealed  to  a  great  many  buyers  and  users.  They  did  "not 
stop  to  consider  that  the  actual  case  where  you  have  a  gasoline  fire  in  a  cuspidor  is 
exceedingly  rare.     We  have  very  few  gasoline  fires  in  cuspidors. 

Now  they  had  the  most  wonderful  testimonials  from  users.  They  used  to  come  to 
otu:  office  every  day  with  these  testimonials  in  great  volume  as  to  the  wonderful  things 
they  had  done — in  such  great  volume  that  we  used  to  measure  them  instead  of  reading 
them.  We  would  say  we  had  a  foot  or  a  foot  and  a  half  of  testimonials  this  week. 
They  were  perfectly  sincere,  these  men.  The  user  always  likes  the  thing  he  has  got 
in  his  plant;  he  buys  it  on  his  own  judgment  and  it  is  certain  that  he  never  will  speak 
to  an  insurance  inspector  adverse  to  anything  he  has  in  his  plant,  be  it  an  electric  fuse, 
a  fire  extinguisher,  or  something  else. 

Now,  what  happened  with  regard  to  this  dry-powder  fire  extinguisher?    They  went 
on  impressing  their  views  on  tlie  public,  and  among  other  places  they  installed  one  of 
these  tubes  in  the  Iroquois  Theater  in  Chicago.     They  had  a  fire  there;  some  of  the- 
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curtains  and  draperies  caught  fire.  This  thing  was  labeled  "For  fire";  it  was  right 
there,  and  the  man  who  was  operating  the  spotlight  seized  this  tube  of  powder  and 
began  waving  the  wand  at  the  fire.  Of  course,  it  had  no  effect  at  all.  The  only  theory 
on  which  you  could  put  out  a  fire  in  that  location  would  be  that  you  might  haul  in  a 
carload  of  bicarbonate  of  soda. 

Six  hundred  and  twentj'-foiu'  people — men,  women,  and  children — were  burned  to 
death  in  that  theater  just  on  the  false  sense  of  security  given  by  that  appliance;  and 
the  very  next  day  alter  that  occturence  took  place  every  one  of  those  dry-powder  fire 
extinguishers  on  sale  in  the  city  of  Chicago  was  sold  and  they  were  taken  into  happy 
homes  in  the  happy  thought,  "Now  we  will  have  a  fire  extinguisher  in  our  homes 
after  this  terrible  happening  at  the  Iroquois  Theater. "  Which  shows  that  the  people 
do  not  know;  you  can  not  expect  them  to  know.  You  can  not  expect  a  user,  a  fellow 
that  has  perhaps  to  replace  a  fuse  once  everj-  year  or  two,  or  a  man  who  never  has  to  use 
a  fire  extinguisher,  to  know  all  about  the  technical  nature  of  this  business  and  to 
know  whether  he  has  a  good  fuse  or  a  good  fire  extinguisher.  And  I  do  not  attach 
very  much  more  value  to  all  these  testimonials  from  users  in  respect  to  this  device 
than  I  would  in  respect  to  any  other  device. 

To  be  siu-e,  there  are  a  number  of  people  there  who  have  good  engineers  and  large 
plants  and  who  are  presumably  very  much  interested  in  this  thing,  but  their  point 
of  vie%v  is,  after  all,  a  selfish  point  of  view.  There  are  several  things  to  be  gained  by 
them  from  the  use  of  this  fuse — cheapness,  always  a  factor;  convenience,  always  a 
factor.  They  like  it  for  those  things  alone  and  commend  it  for  those  things  alone. 
I  can  not  blame  them;  but  that  sort  of  testimony,  the  fact  that  the  fuse  is  cheap,  the 
fact  that  the  fuse  is  convenient  for  some  people,  especially  convenient,  is  not  involved 
in  the  question  that  is  before  you,  in  my  opinion.  The  only  question  is  the  one  of 
the  fire  and  accident  hazard  of  this  appliance,  and  you  will  therefore  undoubtedly 
put  the  proper  weight  on  these  volumes  of  testimonials,  as  well  as  remember  the  lim- 
ited scope  of  the  affidavits  and  the  territories  to  which  they  apply. 

I  need  not  go  into  our  record,  the  record  of  oiu'  tests,  of  all  the  opinions  of  all  the 
various  people  that  have  registered  data  with  you;  it  would  be  merely  taking  up  youi 
time.  You  have  reviewed  it,  or  will  review  it.  The  main  point  that  I  wish  to  im- 
press upon  you  is  the  thought  that  a  conclusion  of  this  question  that  has  been  reached 
by  men  who  have  given  it  study  for  a  number  of  years,  who  have  made  tests  from  year 
to  year,  who  have  had  available  laboraton,'  data  from  the  Undenvriters'  Laboratories 
and  the  Factory  Mutual  Laboratories,  and  the  other  laboratories,  men  representing 
not  insurance  interests  alone  but  various  city  governments,  various  national  societies, 
the  American  Institute  of  Electrical  Engineers,  the  National  Electric  Light  Associa- 
tion, the  American  Street  Railway  Association,  the  National  Supply  &  Jobbers' 
Association,  all  great  organizations  that  are  interested  in  this  matter  and  this  code 
have  registered  an  answer  to  this  very  question  that  is  before  you.  They  have 
registered  it,  I  think,  three  times,  and  it  has  been  supported  by  the  executive  commit- 
tee of  the  same  organization.  It  has  not  been  a  negative;  it  has  not  been  a  positive. 
They  have  said,  "Not  yet."  And  unless  a  device  with  a  comparatively  limited 
experience  in  an  important  matter  like  this  can  be  judged  hastily,  I  can  not  see  that  the 
answer  you  \rill  give  to  this  same  question  can  differ  ver\'  materially  from  the  answer 
they  have  given. 

STATEMENT  OF  GDY  ClJNNrNGHAM,  REPRESENTING  SEVERAL  MANU- 
FACTURERS OF  APPROVED  FUSES 

Mr.  Cunningham.  I  have  been  asked  to  present  the  views  of  manufacturers  of 
approved  fuses.  This  proceeding  is  not  one  which  has  been  agreed  to  by  them;  they 
are  not  parties  to  it;  but  they  are  included  in  the  invitation  to  present  the  statements 
of  fact  here,  and  are  glad  to  present  to  the  Bxu'eau  their  opinions  on  this  subject  and 
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such  facts  as  1  have  been  able  to  gather  in  the  short  time  which  was  available.  I  have 
had  the  advantage,  as  regards  facts,  of  consulting  only  the  D.  &  W.  Fuse  Co.  and  the 
Chase  Shawmut  Co.,  and  the  facts  which  I  have  to  present  are  from  them  alone.  Cer- 
tain other  of  the  manufacturers  of  approved  fuses  are  here  represented  in  person  and 
will  speak  for  themselves,  but  I  think  that  the  position  which  I  am  taking  is  one  which 
is  shared  by  all  the  manufacturers  of  approved  fuses,  and  that  is,  briefly,  that  no  fuse 
which  is  intended  to  be  refdled  by  the  user  ought  to  be  approved  by  the  underwriters. 
This  is  a  thing  in  which  they  are  entitled  to  speak  from  their  experience  of  a  great  many 
years  with  some  positiveness,  and  with,  I  think  I  can  fairly  say,  a  good  deal  of  dis- 
interestedness, because  they  are  perfectly  ready  to  make  any  type  of  a  fuse.  They 
can  make  refillable  fuses,  if  the  imderwriters  want  to  pay  the  losses  for  the  people, 
but  they  think  that  they  ought  to  tell  you  what  they  think  is  a  correct  type  of  fuse, 
and  that  is  what  I  have  come  to  state. 

Before  the  year  igoo  the  refillable  fuse,  or  renewable  fuse,  was  the  fuse.  It  was  the 
custom  of  the  user  to  put  in  a  new  fuse  link  whenever  his  fuse  burned  out.  They  had 
fuse  links  that  would  stand  anything  short  of  a  dynamite  explosion,  and  the  user  put 
in  what  suited  his  fancy  as  a  fuse  link,  and  then  the  underwriters  paid  the  loss,  and  the 
affairs  got  into  such  a  condition  that  the  fuse  was  about  as  dangerous  as  any  part  of  the 
fire  risk,  and  the  underwriters  asked  the  manufacturers  of  fuses  to  get  together  and 
make  a  fuse  which  would  stand  the  strain  and  could  be  approved. 

Before  that  time  certain  of  the  manufacturers  had  decided  that  a  better  type  of  fuse 
could  be  invented  and  put  on  the  market.  Mr.  Downes,  of  the  D.  &  W.  Fuse  Co., 
developed  the  type  of  fuse  in  which  the  arc  is  choked  by  a  powdered  material,  and 
Mr.  Downes  made  this  fuse  so  successfully  that,  as  Mr.  Merrill  has  well  said,  it  is 
the  cardinal  point  of  the  inclosed-fuse  construction,  and  has  led  to  the  development 
of  fuses,  so  that  now  instead  of  being  a  point  of  danger  they  are  negligible  as  the  cause 
of  fire  injury. 

Of  course  the  original  Downes  fuse  was  improved  by  a  great  many  small  details,  and 
some  of  them  of  great  importance,  and  all  the  manufacturers  shared  in  this  improve- 
ment, so  that  by,  say,  1904  the  National  Electric  Code  was  enforced,  to  which  is  due 
the  credit  of  this  system  of  fuses  which  has  avoided  the  fire  hazard  from  fuses  in  great 
measure.  You  will  find  fuses  refilled  by  the  user,  of  course,  but  as  Mr.  Foote  has  said, 
you  can  not  prevent  a  man  from  misusing  his  apparatus.  A  man  can  put  a  strap  of 
copper  across  the  base  of  the  cut  out  and  carry  the  current,  even  if  you  make  your  fuse 
so  that  it  can  not  be  wrongfully  used,  but  in  practice  fire  risk  from  the  filled  fuse 
has  ceased  to  exist  as  a  serious  factor  since  the  National  Electric  Code  standard  fuses 
were  put  out. 

The  cardinal  point  of  that  National  Electric  Code  was  that  every  fuse  on  the  market 
should  bear  the  label  of  some  one  who  was  responsible  for  that  fuse ;  that  is,  the  "  D..  & 
W."  or  "G.  E."  fuse,  or  "  Johns- Pratt  "  fuse,  and  those  makers  will  stand  back  of  it. 
They  may  make  imperfect  fuses  sometimes;  some  of  their  workmen  may  be  careless, 
but  their  fuses  are  tested  and  they  will  be  improved  and  little  danger  will  happen; 
and  if  the  fuse  is  to  be  refilled,  then  there  must  be  some  refilling  label  from  some 
responsible  person.  When  you  come  to  a  fuse  refillable  by  the  user,  however,  there 
is  no  one  back  of  the  fuse  who  is  responsible. 

If  you  are  asking  the  Underwriters  to  approve  as  a  fuse  manufactiu-er  little  Johimy 
who  has  read  about  fuses  in  the  schools,  or  the  head  porter,  or  anyone  who  is  going  to 
make  a  fuse,  as  he  usually  wants  to  make  one  that  is  a  little  better  than  the  manufac- 
tiu'er  made,  to  show  how  smart  he  is,  that  is  a  thing  which  should  not  bear  the  stamp 
of  approval  and  the  label  of  a  manufacttu-er  of  approved  fuses,  and  if  the  user  is  to  be 
allowed  to  refill  that  it  is  of  no  value  whatsoever. 

I  need  not  argue  that  the  standard  form  of  fuse  is  a  perfectly  safe  fuse  when  first 
made.     That  is  admitted,  and  it  is,  I  think,  practically  admitted  that  in  the  sizes 
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which  the  manufacturers  do  refill,  which  are  only  the  larger  sizes,  that  it  is  properly 
refilled  and  it  is  all  right,  and  if  the  user  tries  to  refill  it  it  is  undoubtedly  dangerous, 
just  as  the  Economy  fuse  is  dangerous. 

Now  comes  the  question  of  whether  we  shall  break  absolutely  away  from  that 
salutary  rule  that  the  Underwriters  will  not  pay  the  losses  caused  by  those  who  tinker 
with  fuses,  and  that  fuses  are  delicate  instruments  not  to  be  handed  over  to  be  made 
by  anyone  who  comes  down  the  pike.  The  Economy  fuse  is  based  on  the  idea  of 
making  something  so  cheap  that  no  one  will  want  to  make  anything  cheaper,  and  that 
it  is  safe  for  that  reason .  I  do  not  agree  that  that  is  the  result  of  the  use  of  the  Economy 
fuse.  It  has  been  intimated  tliat  the  fuse  manufacturers  have  been  mo\'ing  heaven 
and  earth  to  prevent  tlie  Economy  fuse  from  being  approved.  That  is,  in  my  opinion, 
an  absolute  error.  The  underwriters  proceeded  in  this  matter  purely  from  a  con- 
scientious sense  of  duty,  not  to  put  on  the  market  or  have  put  onto  the  market  a  thing 
which  is  a  danger  to  the  public.  So  far  from  the  manufacturers  of  approved  fuses 
having  "moved  heaven  and  earth"  to  discredit  the  Economy  fuse,  the  two  companies 
which  I  am  representing  have  done  practically  nothing  in  regard  to  it.  Each  one 
has  made  tests  enough  to  see  that,  in  its  opinion,  the  type  of  fuse  proposed  is  danger- 
ous, and  that  information  was  necessary  to  their  business,  but  it  was  not  developed 
by  nmning  around  and  spying  on  the  different  places  where  the  Economy  fuse  was  used 
or  trj-ing  to  find  out  even  what  the  fire  risks  were. 

It  is  the  Underwriters'  case  here  against  the  Economy  fuse.  The  fuse  manufac- 
turers do  not  feel  that  they  are  under  the  obligation  of  hunting  up  what  has  been  the 
fire  risk  from  the  use  of  the  Economy  fuse.  When  the  matter  was  first  called  to  my 
attention,  after  this  notice  came  out,  I  made  some  effort  to  speak  to  some  of  the  under- 
writers and  see  what  the  fire  hazard  had  been,  as  a  matter  of  ciuiosity,  or  to  present 
it  to  the  committee,  if  it  was  not  presented  otherwise.  I  found  that  one  of  the  under- 
writers had  been  sued.  I  understood  a  whole  lot  of  others  had  been  sued,  and 
counsel  advised  them  to  keep  their  information  for  the  courts.  That  is  not  a  very 
good  way  to  get  information  before  the  Btueau  if  they  are  going  to  sue  everyone  who 
dares  to  disagree  with  them. 

My  clients  have  not  gone  into  the  examination  of  the  field  record  of  the  Economy 
fuse  at  all.  They  know  the  idea  is  wrong,  and  they  will  not  go  into  that  idea  unless 
they  are  commanded  to  do  so  by  the  Undervmters  and  the  Bureau. 

I  do  have,  however,  one  letter  which  is  quite  illuminating,  I  think,  on  the  question 
of  whether  an  Economy  fuse  is  liable  to  a  misuse  by  the  user.  This  letter  is  signed 
by  the  Sullivan  Machinery  Co.,  and  was  written  to  the  sales  agent  of  my  client.  It 
was  obtained  just  by  chance,  because  he  imderstood  that  this  sales  agent  was  pro- 
posing to  sell  renewable  strips  for  the  Economy  fuses,  whereas  I  think  the  sales  ^ent 
wanted  to  sell  Shawmut  fuses.     The  letter  is  as  follows  (reading): 

Referring  to  the  call  of  your  Mr.  Masterson  regarding  fuses  for  oiu  chain  ma- 
chines, have  taken  this  matter  up  with  our  engineering  department  who  state 
that  it  will  not  be  necessary  to  send  you  blue  print  but  simply  the  following 
information  from  their  recent  letter  to  the  Economy  people. 

If  this  does  not  give  you  sufficient  information,  please  advise. 

We  have  finally  decided  that  we  would  like  the  links  for  oiu  special  Economy 
fuses  to  be  about  50  per  cent  heavier  than  our  present  ones  and  have  instructed 
our  purchasing  department  to  order  the  next  lot  of  fuses  and  links  for  250-V-150 
amperes,  and  500-V,  80  amperes. 

We  sincerely  hope  you  will  be  able  to  give  us  the  above,  as  we  find  that  the 
machine  operators  do  not  like  this  fuse  arrangement  as  we  have  it  at  present  on 
account  of  the  frequency  of  the  fuse  blow-outs,  and  they  either  put  in  two  fuse 
links  at  once  or  beat  a  piece  of  copper  wire  to  the  correct  thickness  and  use  that 
for  a  link.  Our  motor  is  amply  large  to  stand  the  50  per  cent  overload,  and  we 
know  by  experience  that  your  fuse  holders  will  also  stand  up  under  this  heavier 
load,  so  we  anticipate  no  trouble  in  making  this  change. 

That  is  what  is  going  to  happen  when  these  fuses  are  put  out. 
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That  letter  was  merely  obtained  by  chance,  but  we  know  that  the  man  in  charge 
of  the  machines  intends  to  put  on  enough  to  make  the  fuse  hold.  The  Economy  fuse 
is  sent  out  with  two  links,  and  when  it  blows  there  is  not  much  danger  of  another 
blowout,  because  a  man  has  two  links  and  by  putting  in  both  there  is  not  much  danger 
it  will  occur  again. 

The  whole  design  of  the  Economy  fuse  is  to  substitute  what  is  supposed  to  be  Amer- 
ican inefficiency  and  cheapness  for  something  which  is  really  good. 

The  cardinal  feature  of  inclosed-fuse  construction  is  the  powdered  filling  material 
which  chokes  the  arc,  which  results  in  wonderful  efficiency.  A  fuse  properly  made 
will  operate  wonderfully  well  with  that  arc-choking  material.  When  that  is  omitted, 
the  fuse  has  no  function  whatever  except  to  keep  the  metal  from  blowing  around.  It 
would  be  much  safer,  so  far  as  the  apparatus  is  concerned  or  so  far  as  holding  an  arc  is 
concerned,  to  absolutely  omit  the  cartridge  from  this  fuse,  provided  you  had  it  in  a 
place  where  the  spattering  metal  would  not  do  any  harm.  The  old  fuse  boxes  such 
as  I  have  seen  in  the  old  patents,  and  which  exist  in  other  places  which  have  lots  of 
room ,  would  be  very  much  safer  fuse  construction  with  open  links  than  Economy  fuse , 
for  the  reason  that  when  you  omitted  that  arc-choking  material  the  fiber  case  has  no 
f imction  except  to  keep  the  metal  from  spattering  around ,  but  holds  the  metal  vapor 
which  may  carry  the  arc  and  cause  the  fuse  to  hold,  and  that  is  what  the  fire  risk  is 
mostly. 

The  omission  of  the  arc-choking  material  was  not  a  novelty  but  simply  a  reversion 
to  a  discredited  type  of  fuse.  Fuses  in  cases  were  old  before  1895,  but  the  Underwriters 
found  that  those  fuse  cartridges,  with  no  finely  divided  material,  held  the  arc  and 
caused  all  sortsof  bad  fires.  The  Economy  fuse  is,  of  course,  very  much  more  effective, 
even  with  the  inclosed  case,  than  an  ordinary  flat  link  without  notches  would  be. 
The  Siemens  and  Halske  patent  of  igoi  showed  this  drop-out  construction,  and  it  was 
no  novelty  invented  by  the  Economy  people ;  and  if  you  are  going  to  use  an  open-link 
fuse  this  drop-out  construction  is  very  effective  in  preventing  the  arc  from  holding  in 
a  substantial  number  of  cases,  but  it  is  not  the  same  as  a  fuse  link  surrounded  by  a 
finely  divided  filling  material.  If  this  Economy  fuse  had  the  finely  divided  filling 
material,  it  could  be  made  when  it  came  out  perfectly  good.  There  is  no  difficulty 
in  making  a  refillable  fuse  and  making  it  perfectly  good,  when  it  starts  from  the 
maker's  hands,  and  I  have  not  any  doubt  the  Economy  people  could  make  a  perfectly 
good  fuse  if  they  wanted  to,  at  the  start,  but  they  want  to  have  something  that  the 
user  can  refill,  and  so  they  leaveout  entirely  the  powdered  filling  material.  If  the  fuse 
was  sent  out  with  the  powdered  filling  material,  it  could  not  be  renewed  without  new 
filling  material,  which  would  be  a  considerable  nuisance.  It  would  very  likely  go 
badly  if  you  used  the  same  filling  material,  because  there  would  be  molten  metal  all 
through  it;  and  then,  owing  to  other  reasons  also,  they  feel  it  desirable  to  leave  out 
the  powdered  filling  material.  That  is  one  thing  that  makes  the  Econom)'  fuse  go 
badly  on  short-circuit  tests. 

One  would  think  to  hear  Mr.  Foote  that  the  Underwriters  had  approved  his  fuses. 
I  heard  him  read  statement  after  statement,  and  I  wondered  what  the  need  of  the 
Bureau  of  Standards  was  here,  because  it  seemed  from  all  he  read  that  the  Under- 
writers thought  his  fuse  was  the  best  ever.  I  have  before  me  the  report  of  November 
29,  1914.  Mr.  Merrill  will  know  more  about  it  than  I  do,  but  it  says  "October  19, 
features  criticized  include  failure  on  short-circuit  test,"  and  that  is  what  I  under- 
stand the  difficulty  is  with  the  Economy  fuse,  but  it  certainly  bears  out  the  tests 
which  have  been  made  by  the  D.  &  W.  Fuse  Co.,  one  of  my  clients,  and  by  the  Chase 
Shawmut  Co.,  another  one.  We  have  tried  the  Economy  fuses  and  they  do  not 
operate  satisfactorily,  or  did  not  operate  satisfactorily  on  short-circuit  tests,  particu- 
larly when  renewed.  I  am  not  going  to  read  those  tests  at  length,  because  they  are 
in  the  statement  which  I  will  file,  and  Mr.  Foote  will  have  an  opportunity  to  look  at  it. 
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Also  we  found  tliat  the  fuses  grew  progressively  worse;  at  every  time  they  were 
tried  they  were  a  little  bit  worse  than  the  time  before.  Some  of  them  get  soldered 
after  a  short  time  so  that  it  was  not  possible  to  renew  them  without  putting  them  in  a 
powerful  machine  to  get  the  case  ofE,  which  we  did  not  try  to  do. 

There  is  another  difficulty  with  the  Economy  fuse ,  and  that  is  that  it  is  not  a  soldered 
fuse.  That  is  also  in  the  line  of  making  something  cheap  instead  of  something  good. 
If  you  want  to  get  a  good  contact,  you  want  to  have  your  fuse  soldered.  But,  of  course, 
the  user  will  not  have  his  soldering  materials  at  hand,  and  so  they  provide  a  contact 
which,  when  it  leaves  the  Economy  factory  is  perfectly  good,  a  screw  contact,  but 
after  being  used  a  few  times  it  begins  to  oxidize,  and  the  user  is  not  skilled  in  making 
contacts  and  that  contact  will  grow  worse  and  worse,  and  that  is  the  thing  for  which  an 
extended  experience  is  absolutely  necessary.  Three  months  or  a  year  or  even  two 
years  will  not  produce  all  the  trouble  from  this  bad  type  of  fuse. 

When  the  contact  is  bad  the  fuse  will  probably  blow  on  the  copper,  which  is  one  of 
the  ver>'  great  dangers.  If  you  get  a  fuse  so  that  it  blows  on  the  copper  and  it  happens 
to  be  bad  at  both  ends,  you  will  certainly  have  something  which  will  hold  the  arc 
and  will  certainly  not  stop  until  something  else  breaks  the  circuit,  and  also  that  will 
heat  the  case  even  if  you  don't  get  an  arc  which  holds.  The  bad  contact  between 
the  copper  part  at  the  terminal  and  the  fusible  link  will  make  the  fuse  very  hot  and 
tend  to  char  the  fuse  case . 

Take  another  feature.  Is  it  true  that  the  Economy  fuse,  being  very  cheap,  is 
going  to  be  one  which  will  always  be  properly  used,  whereas  the  approved  is  very 
expensive,  and  therefore  there  is  a  great  tendency  to  use  a  bad  thing?  I  maintain,  in 
the  long  run,  the  Economy  fuse,  from  the  very  fact  of  its  greater  expense,  is  going  to 
be  a  very  much  greater  fire  hazard.  The  Economy  fuse  costs  three  or  foiu-  or  five 
times  as  much  as  a  standard  fuse.  The  fuses  of  60  amperes  and  imder,  of  the  standard 
make,  cost  9  cents  apiece.  The  cost  was  a  little  less,  but  the  price  has  been  in- 
creased to  9  cents.  The  Economy  cost  is  25  cents.  A  man  can  use  practically  three 
of  these  low-capacity  fuses  absolutely  new  before  he  has  the  expense  of  the  Economy 
fuse. 

When  it  comes  to  the  larger  sizes,  it  varies  from  four  to  five  renewals,  which  are  nec- 
essary before  you  get  up  to  the  expense  of  Economy  fuses.  I  contend  that  9  cents  is 
not  too  much  to  pay  for  having  an  article  which  has  come  from  the  laboratory,  and 
not  one  tested  by  some  person  who  may  not  be  competent. 

Is  not  the  temptation  rather  that  a  man  who  has  once  got  an  Economy  fuse,  which 
he  is  told  can  be  refilled  75  times,  is  going  to  get  his  money's  worth?  He  is  not  going 
to  throw  away  that  25  cents;  not  at  all.  It  is  not  like  a  cheap  9-cent  fuse.  He  is 
going  to  refill  that  tmtil  it  has  caused  the  fire  hazard,  has  burned  out,  or  has  exploded, 
and  that  is  the  cardinal  reason,  to  my  mind,  why  the  Underwriters  should  not  be  asked 
to  approve  a  fuse  refiUable  by  the  owner.  He  has  no  spare  casing,  and  he  is  going  to 
keep  on  filling  that  Economy  fuse  until  it  has  blown  out,  whereas  in  the  standard 
fuse  he  can  not  refill  the  smaller  sizes  in  any  effective  way,  and  it  is  not  very  easy  to 
refill  the  big  sizes. 

These  people,  most  of  then,  are  more  or  less  innocent,  just  as  the  man  from  the 
Sullivan  Machinery  Co.  was.  He  did  not  have  any  idea  he  was  doing  a  grossly  im- 
proper thing  when  he  stuck  in  two  links.  He  thought  the  case  would  stand  it,  and 
also  stuck  in  a  piece  of  copper  wire.  He  did  not  realize  copper  was  the  greatest  arc- 
holding  material  and  carries  the  greatest  heat,  and  so  on. 

When  the  approved  fuses  are  refilled  improperly,  it  is  usually  some  such  perform- 
ance as  this.  It  is  perfectly  obvious  to  the  inspector  that  those  are  refilled.  It  can 
be  examined  and  proved,  but  it  is  not  easy  to  prove  that  when  you  examine  the  Econ- 
omy fuse  and  try  to  pull  the  end  off  after  blowing  once  or  twice.  They  stick  pretty 
hard,  and  if  you  want  to  refill  you  have  a  pretty  long  job  on  the  inspector's  hands. 
Practically  all  of  these  cases  I  have  seen  here  of  fuses  improperly  refilled  can  be 
readily  detected  by  the  inspectoi. 
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And,  after  all,  is  this  Bureau  of  Standards  going  to  say  that  the  public  is  so  dishonest 
that  tlie  Undenvriters  have  got  to  be  asked  to  approve  fuses  that  are  improper,  be- 
cause otherwise  the  public  xvill  frequently  use  fuses  wrongfully?  I  do  not  think  that 
the  Underwriters  or  the  Bureau  ought  to  take  any  such  position. 

STATEMENT  BY  H.  R.  SARGENT,  GENERAL  ELECTRIC  CO., 
SCHENECTADY,  N.  Y. 

Mr.  Sargent.  I  have  had  the  pleasure  of  acting  on  the  American  Institute  of 
Electrical  Engineers  Code  committee,  which  committee  considered  the  safety-first 
rules,  which  have  been  promulgated  by  your  Department.  I  believe,  and  for  that 
reason  I  am  rather  in  touch  with  the  work  you  have  done,  and  I  feel,  I  think  I  am  en- 
titled to  feel ,  that  you  are  naturally  anxious  to  obtain  the  safest  possible  devices,  even 
at  slightly  increased  cost  to  the  consumer.  The  standard  fuse  manufacturers  must,  of 
course,  admit  [hat  their  fuses  are  occasionally  reloaded  improperly,  and  naturally  the 
reloadable  people  must  admit  that  their  fuses  are  capable  of  being  reloaded  improperly. 
If  such  is  the  case,  it  comes  down  to  a  question  of  invitation  on  the  part  of  the  Under- 
writers' Laboratories  to  the  general  public  to  reload  fuses.  At  the  present  time  the 
small  sweatshop  operator,  and  even  small  manufacturer,  who  presumably  could  re- 
load fuses  properly,  if  he  was  so  minded,  has  been  taught  at  considerable  expense 
that  the  fuse  is  of  vital  importance  to  the  protection  of  apparatus,  and  if  they  are 
taught  that  they  must  not  fool  with  these  fuses  and  try  to  reload  them,  it  is  fair  to 
assume  that  fewer  fuses  will  be  improperly  reloaded  with  the  present  stand  which  has 
been  taken  by  the  laboratories — namely,  that  the  reloadable  fuse  shall  not  be  used — 
than  will  be  the  case  if  the  general  public  is  invited  to  reload  fuses.  Just  as  soon  as 
the  general  public  is  invited  to  reload  fuses,  in  my  opinion,  the  day  of  the  inclosed 
fuse,  reloadable  or  othersvise,  has  gone  by,  because  these  fuses  will  be  reloaded  by 
Tom,  Dick,  and  Harry,  and  it  can  not  be  denied  that  fires  will  result,  and  not  only 
fires,  but  eyes  will  be  lost  and  anything  else  that  may  occur  from  fuses  exploding, 
aside  from  the  lack  of  protection  of  the  apparatus,  so  that  we  must  go  back  to  the  link 
fuse  for  safety.  I  have  been  told  by  imderwriters  that  some  of  them  feel  that  it  would 
be  a  poor  stroke  of  business  to  go  back  to  the  link  fuse ;  that  the  inclosed  fuse  is  a  very 
considerable  measure  of  protection,  and  while,  as  I  have  stated  before,  we  can  put 
out  reloadable  fuses,  we  have,  however,  purely  from  a  safety  point  of  view  and  not 
from  a  commercial  point  of  view,  thought  it  important  not  to  put  them  out.  It  was 
stated  here  that  the  ease  with  which  solid  copper  wires  may  be  used  in  ordinary  fuses 
is  supposed  to  invite  improper  reloading,  but,  as  I  say,  anybody  who  will  do  that 
will  certainly  do  the  same  thing  with  a  reloadable  fuse. 

As  stated  by  the  attorney  here,  in  every  case  I  have  seen  the  standard  fuse  reloaded 
is  comparatively  easy  to  detect,  although  I  must  state  that  in  some  cases  drills  have 
been  run  through  ordinary  ferrule  type  of  fuses  and  copper  wires  have  been  put  in- 
but  in  ninety-nine  cases  out  of  a  himdred  fuses  which  have  been  improperly  reloaded 
have  been  easy  of  detection,  and  in  the  exhibits  I  have  seen  around  in  the  different 
Underwriters'  offices  and  inspection  departments  I  should  judge  you  had  practically 
all  of  the  fuses  here  which  have  been  improperly  reloaded.  You  have  quite  an 
exhibit  here. 

If  I  may  be  permitted  to  say  it,  great  stress  was  laid  on  the  question  of  the  price, 
and  just  for  my  own  amusement  this  morning  I  drew  a  comparison  of  costs  of  reload- 
able versus  the  standard  fuses,  and  if  I  might  be  permitted  to  put  it  on  the  blackboard 
it  would  show  up  better.     It  may  be  open  to  criticism. 

(At  this  point  Mr.  Sargent  placed  upon  the  blackboard  certain  calculations,  com- 
menting thereon  as  follows): 

The  list  price  of  reloadable  fuse  200-ampere  at  250  volts  is  $4.  According  to  their 
document  here,  they  give  a  discount  of  50  per  cent,  which  would  be  $2.  We  assume 
100  fuses  would  be  S200.     The  list  price  of  reloads  is  15  cents  each,  which,  of  course, 


72  Technologic  Papers  of  the  Bureau  of  Standards 

does  not  include  the  labor  which  the  man  who  buys  the  fuse  must  put  on  the  fuse. 
Fifty  per  cent  off  would  be  ■]%  cents.  From  the  best  data  I  have  been  able  to  obtain 
I  found  there  are  required  lo  per  cent  reloads  per  year,  while  from  some  of  the  Under- 
writers I  learn  they  found  20  per  cent;  but  assume  it  is  20  per  cent — I  want  to  be  as 
liberal  as  possible — it  would  be  $1.50.  That  would  be  S201.50  for  the  first  year. 
Naturally  you  add  $1.50,  assuming  you  use  the  fiber  cases  and  always  use  the  ends, 
except  this  little  fuse  element;  that  would  be  $203  the  second  year  and  $206  at  the 
end  of  the  foiirth  year. 

Take  a  standard  fuse  here  and  I  will  put  it  on  the  50  per  cent  basis,  although  fuses 
are  sold  on  64  per  cent  basis  to  the  trade,  which  corresponds,  as  I  believe,  with  the 
50  per  cent  discoimt.  The  list  price  of  the  standard  fuse  is  $2,  of  the  same  size. 
Therefore,  with  64  per  cent  off,  the  price  would  be  72  cents  each,  or,  in  other  words,  on 
the  same  basis,  $72  a  hundred.  But,  toreload  that  fuse  at  the  factory  is  go  cents,  which 
includes  all  labor.  Sixty -four  per  cent  off  of  that,  at  20  per  cent,  would  be  $6.48,  or 
zopercent  reloads  to  the  year,  $78.48  the  first  year;  $6.48  for  the  second  year  would 
be  $84.96;  $6.48  for  the  third  year  would  be  $91.44;  $6.48  for  the  fourth  year  would 
be  $97.92.  In  other  words,  at  the  end  of  the  fourth  year,  with  20  per  cent  reloads, 
you  have  $97.92  against  $206.     I  think  I  have  got  that  right. 

You  can  see  that  goes  on  quite  a  ways  before  you  arrive  at  the  point  where  they 
equalize.  The  question  is  where  the  expense  comes  in.  I  do  not  know  whether 
that  is  a  correct  illustration  or  not.  They  were  talking  so  much  about  the  cost  that 
I  put  those  figtu-es  down. 

One  other  point  was  made  this  morning — that  they  tested  the  fuses  at  the  labora- 
tories with  the  filler,  and  that  they  were  afterivards,  as  I  understood  the  statement, 
tested  without  the  filler,  and  that  they  operated  as  well  without  the  filler,  and  so 
reported.  I  do  not  know;  there  may  be  a  report  to  that  effect  here,  but  the  report 
was  not  read;  but  even  so,  when  the  report  is  read  I  want  to  state  that  I  have  been 
in  this  fuse  business  for  15  or  20  years,  and  I  know  that  fuses  without  a  filler  will  not 
operate  satisfactorily  on  a  short  circuit.  I  have  not  even  taken  enough  interest  to 
test  Economy  fuses  without  a  filler  to  demonstrate.  I  have  patents  on  fuses  without 
a  filler,  and  I  know  they  will  not  operate  satisfactorily,  and  I  have  made  numerous 
tests.  As  a  matter  of  fact,  the  other  day  we  had  a  test  of  Economy  fuses  in  our  power 
plant,  a  report  of  which  I  obtained  recently,  but  I  prefer  not  to  even  quote  it,  because 
there  are  so  many  changes  in  the  fuse.  They  all  blew  out.  I  did  not  do  it  for  data 
to  present  here,  but  we  test  our  own  fuses  there  at  the  plant,  and  we  had  these  t%vo 
samples.  The  fuses  without  the  filler,  if  on  short  circuit,  will  not  stand  up.  I  do 
not  know  what  data  may  be  presented  here  to  show  that  in  some  tests  they  have  stood 
up.  I  do  not  know  what  the  resistance  is,  but  if  placed  beside  large  sources  of  power, 
without  filler,  the  fuses  will  blow  out,  according  to  my  experience. 

Dr.  Rosa.  Will  you  send  to  the  Bureau  a  precise  statement  of  your  laboratory 
test,  giving  all  the  conditions  of  the  test? 

Mr.  Sargent.  I  will  read  this  test,  if  you  would  like  to  have  me.  As  I  say,  I  have 
not  presented  any  data  to  you  of  this  nature,  and  have  not  cooperated  with  any  of 
the  other  manufacturers,  because  our  experience  in  the  past  is  such  as  simply  to 
make  that  unnecessary. 

Dr.  Rosa.  We  have  made  a  great  many  tests  of  that  kind,  and  have  seen  tests 
made  elsewhere,  and  we  have  made  a  very  careful  record  of  the  conditions  as  to  resist- 
ance and  reactance  and  the  power  capacity  of  the  source,  and  we  would  like  very 
much  to  have  a  report  of  that  kind,  because  we  shall  desire  to  repeat  them  under 
the  same  conditions. 

Mr.  Sargbnt  (reading): 

Tests  were  made  on  the  above  fuses  on  Wednesday,  June  2,  1915,  at  5.30  p.  m., 
outside  of  building  No.  11.  Power  back  of  tests  was  5000  kw.,  derived  from 
building  No.  13.     The  voltage  was  570  at  the  beginning  of  tests  and  at  close  was 
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572.  The  tests  were  in  accordance  with  the  Underwriters'  Code,  that  is,  the 
leads  provided  resistance  of  o.o6g  ohm,  which  was  as  near  the  1  per  cent  drop 
with  100  amperes  as  we  could  get.  The  Underwriters  had  0.0624  ohm  resistance 
in  their  New  York  test  September  25,  1914. 

1.  Economy  loo-ampere,  600-volt  fuse  (drop-out  link  without  filler).  Fuse 
blown  out  of  cut-out  about  g  feet.  Cut-out  blown  in  three  pieces.  One  end  of 
fuse  blown  oil,  leaving  just  threaded  part  of  cap  on  fiber.  The  other  end  almost 
blown  off,  just  hanging.     A  very  loud  explosion. 

2.  Economy  loo-amperc,  600-volt  fuse  (drop-out  link  without  filler).  Much 
louder  explosion  than  No.  i.  Blew  fuse  out  of  cut-out  about  12  feet  and  blew 
cut-out  in  four  pieces.  Blew  one  end  of  fuse  about  15  feet  and  the  other  end 
was  bent  outward. 

Witnesses:  F.  A.  Barron,  F.  H.  Weston,  E.  A.  Johnson,  testing  department. 
Yours,  ver>'  truly, 

(Signed)  H.  H.  Greene. 

Dr.  Rosa.  This  was  a  600-volt  circuit? 

Mr.  Sargent.  600-volt  fuses. 

Dr.  Rosa.  As  I  understand,  the  question  we  are  discussing  does  not  include  600- 
volt  fuses. 

Mr.  FooTE.  That  question  is  not  involved  here. 

Mr.  Sargent.  The  type  of  fuse  which  I  mentioned  a  while  ago,  on  which  I  have  a 
patent  and  of  which  we  put  out  considerable,  was  30  ampere,  and  I  guess  the  other 
manufacturers  made  as  small,  had  zigzag  barrier  across  the  fuse  link,  in  an  endeavor 
to  dissipate  the  gases,  but,  of  course,  the  action  of  the  fuse  filler  in  chilling  the  gas 
immediately  is  what  makes  the  fuse  operate  satisfactorily ;  where  the  gas  has  no  chance 
to  chill  rapidly  the  gas  is  not  dissipated  rapidly. 

Mr.  Cunningham.  I  should  like  to  make  one  suggestion.  There  was  nothing  in 
the  letter  of  the  Bureau  of  Standards  which  gave  the  slightest  indication  to  the  people 
invited  to  be  present  that  this  was  a  test  of  only  2  50- volt  fuses.  The  Economy  com- 
pany is  putting  out  600-volt  fuses,  and  having  them  on  the  market,  as  I  understand 
it;  in  fact,  I  know  it. 

Mr.  FooTE.  How  many  of  those  are  used  to-day  in  comparison  with  250-volt  fuses? 

Mr.  CtiNNiNGHAM,  I  only  explained  that  as  bearing  on  my  argument. 

Dr.  Rosa.  I  understand  that  the  600-volt  fuses  have  not  been  reported  upon  by  the 
laboratories,  and  the  question  we  are  discussing  is  limited  to  those  that  have  been  so 
reported.  If  it  appears  necessary  that  the  600-volt  fuses  be  investigated,  I  do  not 
know  any  reason  \yhy  that  might  not  be  done,  but  it  would  not  be  on  tlie  same  basis 
as  those  upon  which  the  Underwriters'  Laboratories  have  made  the  report. 

Mr.  Cunningham.  I  only  wish  to  give  that  explanation,  because  my  statement  was 
prepared  with  no  notice  or  knowledge  that  there  was  any  limitation  on  this  subject. 

I  would  like  to  make  one  more  suggestion  as  to  a  defect  of  the  Economy  fuse.  The 
more  it  is  used  the  more  dangerous  it  is,  on  account  of  the  vapor  and  the  molten  metal 
sticking  on  the  fuse  case,  and  that  that  will  heat  or  cause  very  serious  trouble;  and 
when  they  are  talking  about  reloading  75  times  you  would  have  several  feet  of  metal 
around  there  somewhere. 

One  other  thing,  and  that  is  standardization  of  links.  There  are  several  refillable 
fuses  on  the  market,  and  I  have  not  directed  my  remarks  particularly  against  the 
Economy,  because  I  think  it  is  a  general  subject,  and  I  wish  it  understood  that  my 
remarks  are  addressed  against  all  refillable  fuses  and  not  particularly  against  any  one 
fuse. 

I  have  in  my  hand  the  advertisement  of  another  refillable  fuse.  There  are  I  do  not 
know  how  many  reloadable  fuses,  but  we  assume  that  each  refillable  fuse  has  its  own 
form  of  link.  If  we  put  out  one,  as  we  certainly  shall  if  this  becomes  the  proper  thing 
to  do,  we  shall  have  a  form  of  link,  and  there  will  be  18  or  20  forms  of  link.  Is  it  not 
fair  to  assume  that  the  fuse  of  one  manufacturer  should  operate  satisfactorily  with  the 
refill  of  another  manufacturer?     In  other  words,  the  jobber  may  be  out  of  A's  refills, 
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but  may  have  plenty  of  B 's  and  C's.  The  purchaser  says,  "All  right;  if  you  have  not 
A's,  I  will  take  C's."  and  he  takes  C's  and  puts  them  in.  One  fuse  is  absolutely 
dependent  on  the  type  of  link.  He  gets  some  of  C's  in  and  they  do  not  operate 
satisfactorily.  We  have  no  assurance  that  the  fuse  will  operate  satisfactorily  with 
"Noark"  refills,  or  refills  of  one  of  those  other  exhibits,  and  it  seems  to  me  they  could 
do  that  even  without  the  thought  they  were  violating  any  of  the  prescribed  rules.  It 
occurs  to  me  a  very  important  factor  is  that  a  great  deal  of  time  has  been  spent  by  the 
standard  manufacturers  for  a  number  of  years  with  the  underwTiters  in  standardizing 
the  dimensions  and  the  size  and  all  that  sort  of  thing  with  regard  to  present  fuses,  and 
that  is  all  knocked  into  a  cocked  hat  with  all  the  different  manufacturers  making 
different  fuses,  dependent  on  different  forms  of  links. 

STATEMENT  OF  PROF.  H.  E.  CLIFFORD,  ELECTRICAL  EXPERT 

Prof.  Clifford.  It  is  not  my  purpose  to  discuss  the  general  question  of  fuses,  but 
rather  to  simply  give  an  expression  of  opinion  in  regard  to  definite  evidence,  which  I 
have  been  invited  by  the  Economy  Fuse  &  Manufacturing  Co.  to  examine,  exactly  as 
any  other  mass  of  scientific  evidence  would  be  examined,  and  then  to  express  an 
opinion  as  to  what  that  evidence  contains. 

The  data  which  I  have  examined  are  those  referring  to  the  tests  that  were  conducted 
at  Market  Street  substation  of  tlie  Commonwealth  Edison  Co.,  at  Chicago,  under  the 
direction  of  Mr.  Conrad,  who  is,  I  understand,  largely  responsible  for  the  testing  work 
of  that  company.  My  contact  with  Mr.  Conrad  convinces  me  that  he  is  a  man  of  real 
scientific  attainment  as  well  as  of  broad  engineering  experience.  He  approached  the 
problem  which  was  presented  to  him  by  the  Economy  Fuse  &  Manufacturing  Co.  with 
an  absolutely  impartial  mind,  and  in  discussing  the  test  with  him  I  was  convinced 
that  his  attitude  was  an  absolutely  unprejudiced  and  most  judicial  one. 

The  investigation,  as  you  know,  was  most  extended,  consisting  of  the  blowing  of 
over  3000  fuses  and  the  obtaining  of  approximately  300  oscillographic  records.  I  have 
examined  the  records  of  those  tests,  the  data  of  which  you  have,  and  in  expressing  an 
opinion  I  shall  confine  myself  merely  to  the  results  on  the  standard  fuse  as  it  exists  in 
the  tests,  not  referring  to  a  number  of  records  which  involve  experimental  develop- 
ment work.  The  fuses  tested  were  30,  60,  and  100  amperes  in  rating,  and  were  both 
of  the  ferrule  and  of  the  knife-blade  types.  The  records,  which  I  will  not  discuss  in 
detail,  seem  to  me  to  show  this,  that  the  Economy  fuses,  more  particularly  in  the 
ferrule  type,  show  distinct  superiority  to  certain  of  the  so-called  approved  makes;  that 
taking  the  results  with  all  of  the  so-called  approved  fuses  w-hich  were  tested  and  the 
records  of  which  you  have  and  comparing  these  with  the  results  obtained  under  pre- 
cisely similar  circumstances  on  the  fuses  of  tlie  Economy  Fuse  &  Manufacturing  Co., 
there  is  no  doubt  in  my  mind,  in  analyzing  these  as  a  mass  of  scientific  data,  that  there 
is  no  inferiority  whatsoever  showTi  in  the  general  performance  of  the  Economy  fuse. 

I  think  it  is  well  to  note  that  the  circuit  on  which  these  fuses  were  tested  came 
directly  from  the  bus  bar  with  a  10  000  ampere-hour  battery  always  floating  on  the 
system,  1000  kilowatts  of  rotary  capacity,  and  occasionally  dtu"ing  the  test  as  high,  I 
understand,  as  4000  kilowatts  in  rotary  capacity  on  the  bus  bars,  in  addition  to  the 
10  000  ampere-horn-  battery.  So  that  there  certainly  can  be  no  suggestion  of  lack  of 
generator  capacity  back  of  the  fuse. 

I  would  also  note,  which  of  course  would  immediately  suggest  itself  to  you  as  of 
importance,  that  the  constants  of  the  circuit  from  the  bus  bars  were  very  definitely 
known.  It  is  to  be  remarked,  likewise,  that  the  drop  of  potential  at  the  busses  as 
the  fuses  were  blown  was  tested  from  time  to  time,  and  the  percentage  drop  was  mate- 
rially less  than  that  which  ordinarily  occurs  on  many  of  the  fuse  tests  that  I  have  had 
occasion  to  witness  since  1900. 

In  other  words,  as  the  data  show,  the  drop  of  potential  seldom,  if  ever,  exceeded  30 
per  cent,  and  I  have  known  of  many  cases  in  fuse  tests  where  the  potential  drop  on 
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busses  at  the  time  the  fuse  was  blown  was  as  great  as  75  per  cent.  That  shows,  there- 
fore, that  the  conditions  under  which  these  fuse  tests  were  carried  on  subjected  the 
fuse  itself  to  ver>-  severe  electrical  stress. 

Considering,  then,  that  the  direction  of  the  test  was  in  the  hands  of  an  impartial 
and  experienced  engineer;  that  the  men  who  carried  out  the  manipulative  work  were 
skilled  and  experienced  in  this  particular  line  of  work;  that  the  records  speak  for 
themselves  and  have  been  submitted  to  you  exactly  as  recorded,  I  have  no  hesi- 
tancy in  repeating  the  opinion  which  I  expressed  a  moment  ago,  that  a  careful  exam- 
ination of  those  records  will  show  that  the  Economy  fuse  is  in  no  sense  inferior  in 
performance  to  types  of  approved  fuses  which  were  tested  under  identical  conditions. 

I  can  not  let  pass  the  remark  which  was  made  by  Mr.  Cunningham,  that  the  Sie- 
mens and  Halske  patent,  with  which  I  am  familiar,  is  in  any  sense  an  anticipation 
of  the  Economy  fuse  as  at  present  manufactured.  The  idea  that  the  drop-out  link 
when  used  in  an  open-link  fuse  in  any  sense  anticipates  the  use  of  the  drop-out  prin- 
ciple in  the  cartridge  type  is  just  as  sound,  and  no  more  so,  than  the  idea  that  the  open- 
link  fuse  anticipates  the  same  type  of  link  when  placed  in  a  cartridge.  The  things 
are  entirely  different;  their  performance  is  entirely  different;  the  oscillograph  rec- 
ords, of  which  I  think  you  have  some,  show  that  they  are  entirely  distinct;  and  there- 
fore to  refer  to  this  old  Siemens  and  Halske  patent  as  a  discarded  method  of  attacking 
the  problem  which  has  been  revived  by  the  Economy  Fuse  &  Manufacturing  Co. 
shows,  in  my  judgment,  a  lack  of  just  appreciation  of  the  fuse  situation. 

I  am  now  informed  by  Mr.  Huxley  that  you  have  not  those  oscillograms  to  which  I 
have  just  referred.  I  think  he  would  be  very  glad  to  show  them  to  you.  I  have  wit- 
nessed the  test  of  the  drop-out  link  and  the  single-notch  link  in  the  open-link  fuse 
in  comparison  with  the  same  link  used  in  the  cartridge  fuse,  and  the  difference  is  most 
marked. 

It  seems  to  me  that  no  fuse  construction  and  no  electrical  construction  are  neces- 
sarily final;  and  if  the  Economy  Fuse  &  Manufacturing  Co.  have  made  a  real  advance 
and  have  the  courage  of  their  convictions,  I  think  the  evidence  they  submit — not  the 
evidence  of  opinion,  but  the  evidence  of  actual  test — should  be  the  determining 
factor. 

STATEMENT  OF  LOUIS  W.  DOWIfES,  GENERAL  MANAGER  D.  &  W.  FUSE 
CO.,  PROVIDENCE,  R.  L 

Mr.  DowNES.  I  regret  the  confusion  that  has  arisen  on  this  question  of  whether  the 
subject  covered  the  entire  field  of  inclosed  fuses  or  not,  because  we  certainly  were 
imder  the  impression  that  it  involved  the  600-volt  fuses  as  well  as  the  250-volt;  and 
I  am  still  further  confused  by  the  statement  that  no  report  has  been  made  by  the 
Laboratories  on  the  600-volt  Economy  fuse,  because  I  have  in  my  hand  two  photo- 
graphic copies  of  the  report  issued  by  them  on  those  points.  Mr.  Cvmningham  re- 
ferred to  one  of  them.  The  fact  that  the  Economy  people,  in  the  face  of  the  report, 
which  criticized  their  operation  on  600  volts,  continued  to  market  and  advertise  them 
as  broadly  as  they  do  as  the  par  excellence  of  fuse  design,  would  seem  at  least  to  be 
a  questionable  attitude  on  their  part,  in  view  of  the  argument  presented  to-day. 

One  of  the  greatest  difficulties  which  the  manufacturer  of  inclosed  fuses  has  expe- 
rienced— and  I  speak  from  a  very  long  experience  in  this  particular  line  of  work — has 
been  the  continued  demand  by  the  user  for  an  increase  in  capacity  of  a  given  size  of 
cartridge  fuse.  He  might  have  installed  a  60-ampere  fuse,  the  limit  of  that  particular 
size  under  the  present  rating.  He  would  come  back  to  the  factory  with  an  insistent 
demand  that  he  must  have  a  65  or  a  70  ampere  fuse  to  go  in  the  same  cartridge,  or  it 
might  be  even  worse  than  that.  He  might  have  a  200-ampere  fuse  and  insist  that  he 
must  have  a  300-ampere  link  to  put  into  the  200-ampere  case.  That  is  something  we 
have  all  had  to  contend  against,  and  the  Unden\riters  will  bear  me  out  that  it  has 
been  the  subject  of  discussion  between  us  on  numerous  occasions,  and  it  shows  the 
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general  tendency  of  the  public  to  ignore,  first,  the  danger,  of  which  they  are  wholly 
ignorant,  of  overfusing  a  given  size  of  case,  and  disinclination  to  take  out  the  cut-out 
which  is  already  installed,  if  they  find  the  fuse  is  of  too  low  capacity,  and  install  the 
next  largest  size.  That  sort  of  thing  necessarily  is  a  factor  which  has  to  be  taken  into 
serious  consideration  on  the  question  of  this  refillable  fuse,  because  of  the  facility 
which  presents  itself  for  an  increased  capacity  by  multiplying  the  number  of  links; 
that  is,  by  the  use  of  two  or  three  links,  which  can  be  readily  done  in  a  given  cartridge, 
and  that  is  something  that  will  inevitably  result  from  the  use  of  that  type  of  fuse. 

Speaking  of  that,  as  I  do,  from  a  great  many  years'  experience,  and  knowing  this 
pronounced  tendency,  it  is  something  I  believe  this  Bureau  should  take  under  careful 
consideration. 

Another  point  that  I  wish  to  emphasize  which  has  not  been  touched  upon  directly. 
Mr.  Merrill  in  his  talk  spoke  of  the  appointment  of  additional  members  to  the  existing 
switch  and  cut-out  committee  of  the  National  Fire  Protection  Association,  for  the 
specific  purpose  of  investigating  the  use  of  these  fuses.  They  made  a  careful  study 
of  the  problem  for  two  years,  and  imanimously  reported  against  any  change  in  the 
Code,  which  permitted  the  use  of  that  type  of  fuse  The  chairman  of  that  committee, 
a  man  of  the  widest  experience  in  insiu-ance,  was  directly  connected  with  the  inspec- 
tion department  of  the  Factor>'  Mutuals.  and  that  department  had  the  best  opportu- 
nity in  the  world  of  observing  these  fuses  in  field  service,  and  for  some  time  the  Fac- 
tory llutuals,  insiu'ing  property  of  over  two  and  one-half  billions  of  dollars,  have 
refused  to  permit  the  general  use  of  those  fuses  in  the  large  plants  that  they  cover. 
They  must  have  had  some  reasonable  grounds  for  that  attitude.  It  is  undoubtedly 
true  that  in  certain  cases  where  they  knew  that  the  work  of  refilling  would  be  done  by 
a  skilled  man  and  one  who  could  be  relied  upon  to  do  the  work  properly,  they  would 
permit  its  use,  if  requests  were  made;  but  I  am  speaking  of  the  cases  which  have 
come  under  my  own  observation,  where  they  knew  that  the  Economy  and  other  types 
possibly  of  refillable  fuses  were  installed  and  they  have  actually  ordered  them  out 
of  the  plants. 

It  seems  to  me  right  there  is  a  subject  for  a  good  deal  of  thought,  because  they  are 
not  the  kind  of  people  to  take  a  radical  step  of  that  kind  imless  they  believed  it  was 
a  hazard  to  the  property  which  they  insured. 

Mr.  Foote  in  his  argument  gave  some  figures  as  to  the  total  number  of  fuses  which 
they  have  sold  in  the  last  two  or  three  years,  amounting  to  about  a  million,  and  it  has 
occurred  to  me  to  suggest  that  investigation  of  the  total  number  of  fuses  in  use  in  this 
country  at  the  present  time,  as  a  manufacturer  knowing  approximately  the  productive 
capacity  of  my  competitors  has  yielded  some  figures  which  may  be  of  interest.  I 
find,  on  a  conservative  basis,  that  there  are  about  6  000  000  fuses  produced  each  year; 
in  other  words,  in  10  years  we  would  have  60  000  000  fuses  turned  out.  Taking  a 
little  higher  average  of  renewals  than  that  used  by  Mr.  Sargent,  20  per  cent,  let  us 
say  30  per  cent,  which  would  mean  that  at  the  present  time  there  are  approximately 
40  000  000  fuses  installed.  If  we  admit  that  4000  fuses  a  year  are  improperly  renewed 
in  the  manner  indicated  in  those  exhibits,  we  would  have  0.4  of  i  per  cent  of  improper 
refilling  of  the  fuses  installed.  Now,  as  a  matter  of  experience,  I  know  that  the  total 
number  of  improper  renewals  coming  back  to  our  factory — and  we  get  them  sooner 
or  later,  as  they  are  returned  for  renewing  in  the  sizes  in  wliich  we  do  that  work — is 
insignificantly  small.  I  could  say  that  25  to  30  fuses  a  year  would  be  a  maximum 
that  we  have  ever  received  in  our  history  of  fuses  returned  to  us  which  had  any  indi- 
cation of  improper  renewal.  So  that  by  conceding  4000  as  a  maximum  I  am  giving  a 
very  wide  margin  of  safety. 

This  problem  is  one  that  we  have  considered  for  a  great  many  years.  We  have  one 
of  the  earliest  patents  on  the  renewable  type  of  fuse,  but  for  the  reasons  that  have  been 
wel  1  expressed  here  to-day  we  have  never  put  that  type  of  fuse  on  the  market,  although 
we  knew  that  a  possible  demand  existed. 
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At  a  time  slightly  before  the  standardization  of  the  inclosed  fuse  this  whole  matter 
was  under  ver>-  lengthy  discussion  by  tlie  insurance  interests  of  the  country,  repre- 
sented in  the  biennial  meeting.held  in  New  York,  and  that  particular  featiire  of  mak- 
ing a  fuse  as  difficult  to  renew  by  the  user  as  possible  was  one  which  tmderwent  lengthy 
argument  and  discussion,  and  it  was  practically  the  unanimous  opinion  of  the  insur- 
ance interests  represented  at  that  meeting  tliat  there  was  necessity  for  tlie  wording 
that  is  in  the  Code  to-day.  They  had  serious  grounds  for  taking  that  position .  Accept- 
ing that  principle,  and  converted  to  it  as  it  were  at  the  time  by  the  arguments  pre- 
sented, we  have  always  abided  by  it,  and  at  the  same  time  we  want  to  make  it  clear 
that  the  construction  of  a  refillable  type  of  fuse  is  not  and  can  not  be  confined  in  any 
way.  At  the  present  time  we  have  a  type  of  refillable  fuse  completed  and  designed 
and  tested,  which  can  be  put  on  die  market,  if  that  situation  is  forced  on  us;  but  we 
would  do  so  against  our  better  judgment,  for  the  reason  that  our  long  experience  has 
shown  us  tliat  too  great  care  in  the  construction  of  the  inclosed  fuse  can  not  be  taken. 

To  indicate  something  of  the  care  which  is  taken  in  my  own  factory,  I  would  say 
that  there  are  continuous  tests  going  on  in  that  plant  300  days  in  the  year  to  check  our 
product,  to  see  that  it  comes  up  to  the  standard.  At  intervals  we  take  fuses  and  sub- 
ject them  to  the  short-circuit  tests  imder  the  conditions  outlined  by  the  Underwriters 
as  to  ampere  capacity,  and  the  tests  which  Mr.  Cunningham  submits  in  his  report 
were  an  indication  of  the  class  of  work  that  we  are  doing  in  order  to  keep  our  product 
up  to  the  highest  possible  grade  to  fulfill  the  conditions  which  the  Undervvriters  have 
imposed  in  their  w'isdom.  And  now  to  eliminate  that  care,  that  study  to  which  we 
have  given  our  entire  time  for  15  or  20  years  and  going  right  back  and  putting  the 
construction  of  the  renewal  of  the  fuse  into  the  hands  of  the  ignorant  public,  who 
know  nothing  about  what  takes  place  in  tlie  fuse,  seems  to  me  a  very  unwise  step. 
Examine,  yourself,  some  of  those  fuses  that  are  exhibited,  as  an  indication  of  what  we 
are  liable  to  nm  into.  There  are  fuses  which  are  being  sold  to-day,  put  on  the  market 
and  advertised  as  high-grade  articles,  high-class  material,  that  I  know  from  my  positive 
knowledge  of  fuse  design  as  applied  to  those  particular  types,  can  not  operate  satis- 
factorily under  short  circuit,  and  constitute  a  desperate  fire  hazard  and  life  hazard  in 
themselves. 

I  have  with  me  a  fuse  which  has  recently  come  out  [illustrating]  under  the  name  of 
"Hickman,"  of  Harrison,  N.  J.,  which  gives  an  indication  of  the  class  of  people  who 
are  getting  into  the  development  of  inclosed  fuses.  Here  is  a  glass  tube  onto  the  ends 
of  which  copper  has  been  apparently  electroplated  or  sprayed,  a  fuse  wire  of  consid- 
erable size  being  passed  through  the  center,  now  being  made  in  the  dimension  of  the 
30-ampere,  250-volt  class.  That  man  evidently  is  perfectly  honest,  because  he  sent 
that  fuse  to  us  for  our  examination  and  test,  with  the  idea  of  disposing  of  his  patent 
if  he  could.  That  sort  of  thing  has  been  on  the  increase  within  the  past  two  years, 
during  this  period  of  field  trial,  and  all  sorts  and  conditions  of  people  are  getting  into 
the  construction  of  inclosed  fuses  and  the  designing  of  inclosed  fuses. 

As  a  matter  of  interest  I  had  two  of  those  short  circuited  imder  only  moderately 
severe  conditions  yesterday  morning  before  I  took  the  train,  and  the  result  to  a  man 
examining  a  panel  board  equipped  with  that  is  something  you  do  not  want  to  think  of. 
If  tlie  short  circuit  occurred  when  a  man  was  examining  that  pane!  board,  he  would 
lose  his  eyesight  with  a  chance  of  a  thousand  to  one. 

During  the  past  two  years  of  this  period  of  field  trial  upward  of  22  to  24  manufac- 
turers have  started  into  the  inclosed-fuse  business.  Several  of  them  are  represented 
in  the  exhibits  shown  there  to-day.  A  great  many  of  them  are  marketing  their  goods 
extensively  to-day  which  have  never  been  submitted  to  the  Underwriters  for  con- 
sideration or  approval,  so  far  as  we  are  able  to  learn;  or  certainly,  they  have  never 
passed  any  test  of  the  owners,  and  that  is  just  an  indication  of  what  will  take  place  if 
this  field  is  opened  and  everybody  could  make  his  owti  fuse.  We  are  going  to  have 
hundreds  instead  of  as  at  present  28  or  30  manufacturers  of  inclosed  fuses,  because  it 
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requires  a  comparatively  small  plant  to  assemble  some  caps  on  a  fiber  tube,  withotrt 
any  experimental  equipment  or  testing  equipment,  and  we  know  positively  of  one 
case  where  a  man  has  been  manufacttuing  inclosed  fuses  in  his  cellar  and  back  room 
for  the  last  two  or  three  years,  and  marketing  them  quite  extensively.  He  has  two 
or  three  operatives  there;  no  facilicies  or  equipment.  He  just  takes  a  piece  of  lead 
wire  of  any  convenient  size  which  he  may  have  on  hand  and  drills  a  hole  through  the 
cap  and  solders  it  in,  and  that  fuse  goes  out.  If  his  customer  wants  a  50-ampere  fuse, 
he  marks  it  "50  ampere;"  if  he  wants  75  amperes,  he  marks  it  "75  amperes."  We 
have  tested  a  number  of  them ,  so  that  I  can  speak  positively  as  to  the  var>'ing  capacity 
of  the  same  sizes  of  wire  used  in  the  different  tubes. 

Dr.  Ros.'i.  I  would  like  to  ask  Mr.  Downes  if  he  understands  that  the  proposal  under 
consideration  is  to  relax  all  requirements  on  fuses  if  refillable  fuses  were  to  be 
approved?  Did  you  understand  that  any  kind  of  fuse  could  be  used  at  liberty,  in 
case  refillable  fuses  could  be  utilized? 

llr.  DowNES.  I  do  not. 

Dr.  Rosa.  I  do  not  quite  understand  the  last  statement  made. 

Mr.  DowNES.  Possibly  I  can  make  myself  a  little  clearer  in  this  way.  At  the 
present  time  the  manufacturers  of  fuses  have  definite  arrangements  with  the  Labora- 
tories by  which  frequent  tests  are  made  of  their  product.  The  representatives  of  the 
laboratory  come  into  the  factorj",  take  goods  at  random  and  test  them  out,  and  at 
inter\'als  short-circuit  tests  are  arranged  for — at  less  frequent  intervals  on  account 
of  less  opportunity — so  that  even,'  possible  effort  is  being  made,  not  only  by  the 
Underwriters'  Bureau,  but  the  Laboratories,  to  keep  the  standard  up.  to  a  high  level. 
It  is  perfectly  obvious  that  the  manufacturer,  if  he  is  making  refillable  t'\*pe  of  fuse, 
can  have  no  further  interest  in  the  Underwriters'  Laboratories  inspection,  for  the 
very  simple  reason  that  the  only  thing  they  can  do  is  to  make  measurements  of  the 
visible  dimensions  of  that  fuse  and  see  whether  it  conforms  with  the  Code  dimensions, 
or  to  test  out  the  fuse  as  it  goes  from  the  factory.  After  it  gets  into  the  hands  of  the 
consumer  and  is  refilled,  the  manufacturer  certainly  will  not  take  the  responsibility 
of  the  operation  of  the  de'V'ice,  so  tliat  the  influence  of  the  laboraton.-  toward  main- 
taining a  high  standard  of  manufacture  is  necessarily  bound  to  end  right  there.  They 
can  only  say  that  a  fuse  as  it  comes  from  the  factorj'  is  a  good  fuse,  or,  if  it  happens  to 
be  defective,  they  will  call  the  manufacturer's  attention  to  it.  After  it  gets  into  the 
hands  of  the  consumer,  they  can  not  tell,  unless  they  take  that  fuse  out  and  take  it 
back  to  the  laborator\'  and  make  a  test  of  it,  and  I  know  from  my  general  knowledge 
of  the  subject  of  inspection  that  they  could  never  hope  to  do  that.  I  think  Mr. 
Merrill  will  bear  me  out  in  saj-ing  that  that  would  be  an  utter  impossibility.  They 
can  pick  out  one  here  and  one  there,  and  send  it  back  and  see,  but  the  interest  of  the 
manufacturer  ends — and  I  believe  that  I  can  speak  for  a  group  of  manufactiu'ers, 
although  I  am  not  authorized  so  to  do — and  any  laboraton,'  inspection  of  the  renewable 
t^^pe  of  fuse  will  cease  to  exist  as  soon  as  the  Code  is  changed  permitting  those  to 
come  out,  because  the  test  does  not  amount  to  an'S'thing. 

So  far  as  the  test  arrangements  exist,  we  are  doing  and  will  continue  to  do  ever^'thing 
in  our  power  to  keep  the  standard  up  to  the  highest  possible  level.  That  has  been 
our  aim  for  years.  We  are  under  constant  and  very  hea\'A'  expense.  Take  my  own 
concern  alone,  which  is  not  a  large  concern.  Our  laboratory'  is  spending  Sio,ooo  a 
year  in  maintaining  our  quality.  There  are  other  manufacttners  that  I  know  spend 
an  equal  amount.  We  can  not  continue  to  do  that  as  long  as  the  construction  of  that 
device  may  be  wholly  and  entirely  changed,  due  to  the  ignorance,  carelessness,  or 
indifference  of  the  man  who  is  using  it,  and,  as  I  pointed  out,  the  general  tendency  is, 
if  your  fuse  blows,  to  put  in  a  bigger  one.  Protection  they  do  not  consider,  but  simply 
put  in  a  bigger  one.  I  can  give  you  an  instance  which  will  illustrate  that  rather 
clearly,  of  a  building  in  New  England  which  was  using  a  refillable  type  of  fuse. 

Mr.  FooTE.  May  we  have  the  name  of  the  place  and  the  name  of  the  man? 
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Mr.  DowNES.  I  can  not  give  you  the  name  of  the  man,  but  it  occurred  anyway. 

Mr.  FooTE.  Then  we  can  not  check  it  up? 

Mr.  DowNES.  I  can  have  it  checked  up,  yes.  His  renewable  type  of  fuse  blew,  and 
he  was  criticized  by  the  management.  It  was  a  factory  building.  He  said  the  lights 
were  going  out.  " Can  yoti  stop  that ?  "  He  said,  "I  will  fix  it.  "  So  the  next  time 
he  put  in  either  two  or  three  links,  so  that  the  capacity  of  the  fuse  was  immensely 
increased,  and  when  the  overload  came  on  he  blew  his  primary  fuses,  and  then  with  a 
great  deal  of  glee  he  said,  "  It  is  not  up  to  me;  it  is  with  the  lighting  company.  When 
trouble  comes  it  is  not  up  to  me.  My  fuse  did  not  blow.  Theirs  was  the  fuse  that 
blew."  That  tendency  you  can  not  eradicate  from  the  using  public,  and  I  speak 
from  a  great  many  years'  experience  in  contact  with  those  people  freely,  and  I  know 
they  will  proceed  if  a  fuse  blows  to  increase  its  capacity,  no  matter  what  happens. 

Dr.  Rosa.  Is  that  also  true  of  the  nonfillable  fuse? 

Mr.  DowNES.  It  is  the  difficulty  which  they  experience  in  increasing  the  capacity, 
that  is  the  safeguard.  As  I  have  already  stated,  they  finally  wTite  and  want  a  65- 
ampere  fuse  in  the  60-ampere  cartridge;  biit  we  positively  refuse  to  do  that. 

Dr.  Rosa.  Is  the  general  tendency  of  the  users  of  fuses  to  ptit  in  a  bigger  fuse  when 
the  50-ampere  cartridge  fuse  blows,  for  example,  so  that  the  next  time  it  will  not 
blow?  The  users  do  not  carefully  regard  protection,  and  the  tendency  is  to  use  a 
bigger  and  bigger  fuse  until  it  ceases  to  blow.     Is  that  your  understanding? 

Mr.  DowNES.  There  is  this  tendency,  to  slightly  increase,  not  to  go  to  the  next 
size.  As  I  say,  it  was  difficult  to  induce  them  to  take  out  the  60-ampere  block  and 
get  them  to  put  in  a  loo-ampere  block,  so  they  could  very  properly  use  60,  75,  and  onto 
a  loo-ampere  fuse.  They  will  not  do  that.  They  will  ask  a  manufacturer  to  give  them 
65-ampere  fuse  links  in  a  60-ampere  cartridge,  or  if  it  happens  to  be  a  loo-ampere 
cartridge  they  will  ask  him  to  give  them  no,  115,  120  ampere  linksforthat  lOo-ampere 
cartridge.  In  other  words,  that  is  the  tendency.  When  a  fuse  blows,  they  do  not 
reason  "Now,  let  us  go  and  look  up  the  trouble  and  see  why  that  fuse  blows.  Was  it 
a  defect  in  that  motor?  Was  there  a  short  circuit  on  the  lighting  line,  or  was  the 
load  up  to  the  limit,  or  something  of  that  kind?  "  But  they  promptly  put  in  a  bigger 
fuse. 

That  has  been  the  tendency,  and  it  has  been  my  experience  for  25  years.  I  was 
formerly,  before  I  started  the  D.  &  W.  Fuse  Co.,  in  the  employ  of  the  Narragansett 
Lighting  Co.,  of  Providence,  and. had  a  splendid  opportunity  of  examining  that  trait, 
because  we  were  continually  getting  complaints,  where  customers  had  refilled  their 
own  open  blocks  when  they  were  in  use.  And  I  would  find  60  and  70  ampere  open 
fuses  installed  on  a  cut-out  whose  normal  capacity  would  not  exceed  loor  15  amperes, 
because  they  would  have  trouble  in  the  line  and  the  only  idea  was  to  keep  increasing 
the  capacity  of  the  fuse  until  it  stopped  blowing. 

Mr.  Cunningham.  I  have  been  asked  by  the  Chase-Shawmut  Co.  to  state — and  I 
think  the  Johns- Pratt  Co.  also  said — that  if  their  fuse  was  to  be  regarded  as  a  standard 
after  it  was  filled  by  the  janitor  or  porter  or  anybody  of  that  kind  they  would  regard 
the  approval  of  the  Underwriters  as  a  trivial  absurdity  and  not  feel  justified  in  going 
to  any  trouble  to  have  it  done. 

Mr.  FooTE.  If  refilled  by  tlie  factor)',  are  they  approved  by  the  Laboratory  or 
submitted  there  for  tests? 

Mr.  Cunningham.  I  do  not  know  whether  they  are  tested. 

Mr.  DownES.  They  are  tested  and  approved.  I  think  Mr.  Merrill  will  bear  me 
out  that  tlie  arrangement  with  the  Underwriters  is  that  when  we  refill  a  fuse  tnat  is 
returned  to  us  for  that  purpose  we  put  our  label  on  it,  and  we  stand  back  of  it,  and 
that  is  made  in  accordance  with  the  standard  construction  employed  by  us  and  used 
on  the  types  of  fuses  which  they  test  from  time  to  time.  They  are  at  liberty  to  test 
those  whenever  they  see  fit. 

Mr.  FooTE.  You  do  not  submit  to  tests  each  new  job? 
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Mr.  DoWNEs.  They  do  not  ask  us  to. 

Dr.  Rosa.  I  would  like  to  ask  a  question  about  the  renewing  of  fuses.  It  is  the 
practice  in  some  places  for  local  concerns  to  renew  tlie  so-called  nonrefillable  fuses. 
Is  there  any  connection  between  the  manufacturers  of  renewable  fuses  and  these 
local  concerns;  any  guaranty  that  the  refilling  by  the  loc  al  concerns  is  done  properly 

Mr.  DowNES.  None  whatsoever.  We  have  taken  every  step  we  can  to  eliminate 
that  sort  of  thing,  because  we  find  the  work  done  by  these  people,  who  may  be  said 
to  be  specializing  on  refilling  fuses,  is  ver>'  indifferent  in  character — the  capacity 
of  tlie  fuse,  its  rating  may  be  anything  at  all — and  we  have  no  connection  with  them, 
and  in  several  instances  we  have  brought  suit  against  them  for  infringement  of  various 
detail  apparatus  and  stopped  them  from  doing  tliat  kind  of  work.  But  tliat  is  no 
indication  of  the  carelessness  with  which  the  public  is  liable  or  likely  to  do  refilling, 
if  it  can  be  judged  at  all  by  the  work  done  b}'  these  people  who  are  making  a  specialty 
of  doing  it.  We  have  never  yet  found  a  fuse  tliat  was  anywhere  near  its  proper  rating 
when  refilled  by  one  of  these  specialists,  so  called,  the  general  tendency  being  to  make 
them  very  much  heavier;  in  other  words,  to  increase  the  volume  of  metal  in  the  link, 
and  on  that  point  we  run  into  the  very  serious  hazard,  because,  as  you  have  probably 
determined,  a  variation  of  less  than  i  per  cent  in  the  link  means  the  difference  between 
the  fuse  operating  properly  and  an  explosive  fuse  when  it  comes  to  short-circuit 
conditions,  and  we  find  that  they  will  go  so  far  as  to  increase  the  metal  volume  by 
from  50,  75,  to  100  per  cent. 

Dr.  Rosa.  We  were  very  much  interested  to  know  what  the  facts  were,  and  we 
have  some  information  on  that  subject  which  seems  as  though  the  protectiou  for 
making  the  fuse  is  lost  to  some  extent,  if  local  concerns  are  going  to  make  it  a  business 
to  renew  them  instead  of  sending  them  to  the  manufacturer.  Mr.  Downes  states  it  is 
rather  usual  w'hen  they  are  so  reloaded  tliat  the  capacity  is  increased.  As  a  matter 
of  fact  we  have  a  specimen  taken  in  actual  use  which  had  been  reloaded  in  that  way 
by  a  local  concern,  in  which  the  cartridge  was  filled  up — tliree  heavy  conductors  of 
fusible  wire,  practically  filling  the  cartridge — and  while  that  is  only  one  case  and  may 
not  be  typical,  it  confirms  his  statement  that  the  tendency  is  to  renew  them  improperly. 
I  think  that  is  ratlier  an  important  phase  of  the  question  tliat  ought  to  be  kept  in 
mind  and  upon  which  we  need  to  have  furtlier  information.  If  we  could  be  assured 
the  nonrefillable  fuses  would  only  be  refilled  by  manufacturers,  obviously  that  would 
be  a  very  important  fact  and  a  very  important  protection. 

Does  anyone  else  wish  to  address  the  conference?  Mr.  Skinner,  representing  the 
Westinghouse  Electric  Co.,  is  here.     I  will  ask  if  he  cares  to  make  a  statement. 

Mr.  Skinner.  I  do  not  believe  I  have  anytliing  to  say  at  this  time. 

Mr.  FooTE.  I  understood  all  the  matters  would  be  laid  before  this  meeting,  so  tliat 
we  might  have  an  opportimity  to  examine  them.  We  are  here  against  a  lot  of  interests 
to  prove  our  case  by  facts.  Whatever  they  have  to  submit  should  be  submitted  here, 
so  that  we  may  answer,  and  that  is  our  imderstanding  of  the  agreement. 

Dr.  Rosa.  I  think  Mr.  Skinner  should  have  the  privilege  of  preparing  a  statement 
of  whatever  he  may  have  to  say  and  give  Mr.  Foote  a  copy  of  it. 

Mr.  Skinner.  I  would  be  pleased  to  do  so. 

Dr.  Ros.\.  May  we  hear  from  Mr.  Bates,  of  the  Bryant  Co.  ? 

Mr.  Bates.  I  do  not  believe  I  care  to  say  anything. 

Dr.  Rosa.  Is  there  any  other  person  who  wishes  to  make  any  statement  or  sugges- 
tion before  we  close?  Mr.  Merrill  and  Mr.  Foote  will  close,  and  either  one  may  speak 
first. 

Mr.  MERRH-L.  I  have  nothing  to  add,  Mr.  Director,  except  to  express  the  thanks 
of  my  people  for  the  very  great  patience  you  have  shown  in  this  hearing,  and  the 
admirable  way  in  which  it  has  been  conducted,  and  the  painstaking  research  on  the 
facts  presented.  We  wish  to  offer  the  thanks  of  the  Underwriters'  Laboratories  and 
that  of  our  associates  for  our  reception,  and  particularly  for  the  hospitality  shown  us. 
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Mr.  FooTE.  I  shall  not  have  very  much  to  say,  because,  as  I  view  it,  what  has  been 
said  requires  very  little  answer,  in  view  of  the  question  submitted  here,  being  one  of 
proved  fact  and  not  voluntary  statement.  There  have  been  two  examples  of  fact  sug- 
gested, one  of  which  was  given  some  importance,  identifiable  by  the  case  of  the  Sul- 
livan Machinery  Co.,  and  I  will  ask  Mr.  Eustice  to  explain  that  situation. 

MISCELLANEOUS  DISCUSSION 

Mr.  Eustice.  Mr.  Director  and  gentlemen:  In  the  case  of  the  fuses  supplied  to  the 
Sullivan  Machinery  Co.,  I  happen  to  be  entirely  familiar  with  the  details  of  the 
design  and  the  entire  situation,  as  well  as  the  details  of  the  performance  of  the  fuses 
manufactured  by  the  Economy  Fuse  &  Maniifacturing  Co.  and  supplied  to  them. 

In  the  early  part  of  the  negotiations  the  Sullivan  Machinery  Co.  applied  to  the 
Economy  Fuse  &  Manufacturing  Co.  for  the  right  to  build  fuses  under  patents  owned 
by  us,  which  was  denied.  Later  they  submitted  tentative  sketches  of  an  idea  which 
was  being  worked  upon  jointly  by  the  Bureau  of  Mines  of  the  United  States  Govern- 
ment and  themselves,  and  asked  our  cooperation  in  the  matter  of  fiunishing  material 
to  them.  The  type  of  fuse  designed  by  the  Biu-eau  of  Mines  and  submitted  finally 
by  the  Sullivan  Machinery  Co.  to  that  Bureau  was  then  submitted  to  us  to  manufac- 
ture contrarj-  to  oiu  instructions  to  them  and  contrary  to  our  advice  that  the  design 
of  fuse  would  not  ultimately  be  satisfactory.  Further  than  that,  the  fuse  itself  is  not 
recognized  as  a  cartridge-inclosed  fuse.  If  you  put  the  fuse  alongside  of  any  standard 
form  of  fuse,  I  believe  many  persons  would  not  recognize  without  seeing  the  label  that 
that  fuse  was  a  cartridge-inclosed  fuse.  The  fuse  itself  is  used  in  connection  with  a 
special  type  of  controller  mechanism  which  is  supposed  to  be  explosion  proof,  natur- 
ally for  use  in  mines,  particularly  coal  mines,  on  coal-cutting  machinery.  That  fuse 
is  used  with  a  comparatively  rigid  contact  on  one  terminal,  and  on  the  other  terminal 
is  used  within  a  controller,  over  the  specification  of  not  less  than  four  one-thousandths 
inch  clearance  in  the  rotating  member,  witli  simple  sliding  contact,  and  it  is  supposed 
to  carry  normally  150  amperes.  As  fuse  builders,  our  recommendation  was  that  the 
fuse  would  not  give  satisfaction. 

The  fuses  have  been  in  service  for  perhaps  nine  months,  and  a  few  days  ago  the 
first  complaint  came  to  us  from  the  Sullivan  Machinery  Co.,  stating  that  the  complaint 
which  was  beginning  to  come  in  from  their  customers  who  had  purchased  machines 
and  were  operating  them  was  that  the  fuse  was  not  carrying  its  rated  capacity,  and 
that  the  controller  connection  terminal  was  becoming  loose.  Examination  shows 
that  the  fiber  is  being  heated  so  disastrously  by  poor  contact,  carrying  150  amperes  on 
practically  a  line  contact  not  more  than  i  inch  in  length;  that  the  fuse  is  either  being 
destroyed  or  that  the  fuse  is  blowing,  due  absolutely  to  contact  heating.  Further- 
more, the  fuse  supplied  to  the  Sullivan  Machinery  Co.,  while  bearing  the  name 
"Economy,"  has  stated  plainly  upon  the  label,  by  special  catalogue  numbers,  that 
the  fuse  was  "manufactured  for  the  Sullivan  Machinery  Co.  by  the  Economy  Fuse  & 
Manufacturing  Co.,  of  Chicago." 

I  believe  it  is  not  fair,  inasmuch  as  a  fuse  of  that  design  is  not  under  the  specifica- 
tions of  the  National  Electric  Code,  to  confuse  with  our  regular  fuses  a  fuse  which  we 
admit  and  which  we  stated  before  building  would  not  give  the  desired  results,  to  con- 
sider the  performance  of  that  fuse  as  being  a  fuse  subject  to  the  rules  and  regulations 
of  the  National  Electric  Code  and  which  should  be  subject  to  test. 

Mr.  Cunningham.  I  want  to  explain  that  I  did  not  know  the  special  type  of  fuse, 
and  my  remark  was  not  intended  in  any  way  as  a  criticism  of  the  Economy  Fuse  &  Manu- 
facturing Co.  except  in  so  far  as  it  showed  the  desire  of  the  user  to  put  in  a  double- 
capacity  link  and  putting  in  copper  strips,  but  not  as  criticizing  the  Economy  fuse. 
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Mr.  EusTlCE.  If  I  may  add  one  word  further.  I  believe  that  the  letter  which  Mr. 
Cunningham  read  was  directed  to  Mr.  Masterson,  who  is  of  the  Chase-Shawmut  Co., 
and  to  my  certain  knowledge  I  happen  to  know  that  the  sample  of  our  fuse  was  placed 
in  the  hands  of  Mr.  Masterson,  and  he,  therefore,  was  familiar  with  the  type  of  fuse 
which  they  evidently  got  in  correspondence  with  the  Sullivan  Machinery  Co. 

Mr.  Cunningham.  I  have  no  doubt  Mr.  Masterson  knew  about  the  fuse,  but  my 
illustration  was  only  a  very  vivid  example  of  the  danger  of  overfusing.  That  was  all 
it  was  intended  for. 

Mr.  FooTE.  One  other  point  I  consider  to  be  erroneous,  and  which  I  think  should 
be  corrected,  was  one  made  by  Mr.  Sargent  when  he  referred  to  the  fact  that  600  volts 
was  not  considered  in  the  hearing.  He  said  that  everj'  fuse  manufacturer  should 
make  a  complete  line  of  fuses  of  all  sizes.  The  facts  do  not  bear  him  out.  Some  fuse 
makers  only  make  the  ferrule  type  of  fuses;  some  fuse  manufacturers  only  make 
knife-blade  fuses  and  some  only  the  plug  type ;  and  some  make  both  plug  and  the  other 
types,  and  will  have  approval  on  one  and  not  approval  on  the  other  from  the  Under- 
writers' Laboratories.     If  I  am  wrong,  I  will  ask  to  be  corrected. 

Mr.  Sargent.  As  far  as  the  manufacturers  who  built  up  the  industry  are  concerned, 
I  think  tliey  all  make  the  full  lines. 

Mr.  FooTE.  The  Connecticut  Electrical  Manufacturing  Co.  gives  us  one  example 
and  the  "  Killark"  another. 

Another  proposition  taken  up  was  this:  Mr.  Merrill  suggests  there  should  be  a  longer 
time  of  experience  with  the  fuse  before  its  use,  before  he  should  approve  it.  Does 
he  ask  that  same  thing  of  the  "  Killark"  or  "Sheldon"  or  10  or  15  others  which  have 
not  been  on  the  market  three  of  four  months — that  have  almost  no  use? 

The  argument  Mr.  Merrill  made,  if  it  may  be  called  such,  and  I  suppose  it  may, 
struck  me — I  do  not  mean  intentionally — as  just  a  trifle  specious.  The  affidavits 
which  we  produced,  if  they  are  read  and  understood  from  what  they  say,  do  not  show 
a  basing  of  the  facts  which  are  contained  in  those  documents  upon  an  experience  of 
a  few  years  ago.  They  were  made  within  the  last  two  or  three  months  when  this 
hearing  was  arranged  for — since  May  27.  They  were  made  for  the  special  purpose  of 
being  presented  to  this  meeting;  they  were  made  by  men  of  intelligence  who  under- 
stood what  they  were  making  them  for,  and  the  statements  contained  in  those  docu- 
ments were  not  and  are  not  so  put  as  to  refer  to  an  experience  back  two  years,  and  they 
gave  what  their  experience  was,  told  their  experience  as  to  the  two  questions  involved — 
the  question  of  the  refilling  of  the  standard  inclosed  fuse  and  tlie  question  of  the  use 
of  tlie  standard  inclosed  fuse.  The  sale  of  the  filled  type,  as  we  show,  is  very  small 
in  comparison  with  the  nonfilled  tj-pe  sold.  The  company  was  young  and  new  in 
igi2 ;  they  had  not  sold  so  many  fuses.  The  great  majority  of  those  fuses  had  disap- 
peared from  use  entirely,  so  tliat  the  great  percentage  of  all  the  users  and  insurance 
inspectors'  knowledge  comes  from  the  new  type,  the  third  type,  as  he  mentioned. 
And  as  far  as  the  changes  to  which  he  referred  are  concerned,  in  the  one  instance 
they  are  due  entirely  to  the  manufacturer  of  parts  for  the  fuses,  nothing  that  the  fuse 
maker  (Economy  Fuse  Co.)  has  anything  to  do  with,  the  very  small  difference  in 
length  or  tliickness;  and  in  the  other  case  the  change  from  brass  to  phosphor  bronze 
is  simply  a  manufacturing  expedient  of  equally  strong  devices,  not  a  change  in  the 
design  in  any  way;  but  if  it  were,  it  would  only  tend  to  the  credit  of  the  company  if 
it  found  anything  that  could  be  made  better  to  make  it  stronger,  which  is  always  the 
policy,  and  should  be  the  policy,  of  every  progressive  concern. 

A  good  deal  has  been  said  here  by  several  of  the  gentlemen  who  spoke  about  a  matter 
which  I  had  no  idea  would  enter  into  this  discussion,  nor  can  I  in  any  way  see  its 
relevancy;  and  it  is  a  matter  upon  which  we  know  quite  a  considerable  amount,  and 
that  is  that  relating  to  the  electrical  committee  of  tlie  National  Fire  Protection  Asso- 
ciation. It  does  not  seem  to  me  that  this  is  the  place  we  should  be  called  upon  to  go 
into  the  reasons  for  the  action  of  the  switch  and  cut-oiit  committee  in  the  making  of 
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their  report,  nor  the  dominant  factors  of  that  committee  in  control  of  the  making  of 
that  report,  nor  of  tlie  reasons  therefor,  nor  of  the  questions  involved  in  tlie  submission 
of  contention  on  our  part  as  to  that  very  thing  to  the  electrical  committee,  nor  our 
appeal  from  the  electrical  committee  to  the  Fire  Protection  Association.  Those  things 
involve  questions  of  fact  and  not  mere  statements,  as  I  could  state  on  tlie  opposite  side 
exactly  contrarj'  inferences  from  that  deduced  by  the  other  gentlemen,  and  it  has  been 
my  aim,  and  I  thought  that  was  the  purpose  of  making  this  hearing  formal,  to  confine 
ourselves  not  to  unsupported  opinion  or  statement  from  imagination  of  what  may 
happen,  but  from  facts  that  do  happen  and  things  that  do  occur.  The  question  here 
is  whether  we  have  shown  that  the  Economy  fuse  is  no  greater  fire  hazard  than  any  of 
these  other  fuses  on  the  market.  Theextentof  use ,  as  against  the  "Killark,"  would 
be  10  to  I  or  more;  as  against  the  "Sheldon,"  probably  a  tliousand  to  one  which 
have  been  on  the  market  a  month  or  two  months,  and  some  of  the  others  more  than 
that.  We  would  have  the  comparison  as  to  any  one  rather  than  to  some  fuses  on  the 
market  10  or  15  or  25  years. 

The  figiu-es  of  cost  on  the  board  there  are  so  fallacious  on  their  face  that  it  hardly 
seems  necessary  to  call  attention  to  them.  On  this  side  he  assumes  that  the  standard 
fuse  is  to  be  refilled  at  the  factory  for  four  years,  and  I  have  never  heard — I  am  getting 
into  the  realm  of  opinion  myself — of  a  fuse  being  returned  to  the  factory  even  twice  for 
refilling.  I  simply  submit  that  he  had  better  go  forth  into  the  field  anywhere  and 
check  up  any  factory-refilled  fuse,  refilled  either  by  the  factory  making  it  or  by  some 
other  factory.  I  was  going  to  say  that  we  do  not  have  to  compare  prices;  that  is,  a  mere 
taking  of  figures  and  dealing  with  something  for  which  we  have  no  data  here,  in  tlie 
way  of  actual  figures,  except  in  the  few  cases  I  may  read  to  show.  But  the  question  is. 
What  do  the  users  say  is  the  reason  ?  If  they  refill  the  Economy  fuse  correctly,  due  to 
cheapness,  that  answers  that  question  as  to  whether  it  is  more  expensive.  But  if  it  is 
a  question  of  comparing  with  catalogues,  then  of  cotu-se  tlie  imagination  can  be  used 
any  way  one  sees  fit.  Mr.  Cunningham  refers  rather  spicily  to  the  evidence  we  have 
here,  which  leads  me  to  tell  him  the  maimer  in  which  that  evidence  was  accumulated. 
In  January  of  this  year  we  sent  some  4,000  users  of  fuses,  large  and  small,  this  letter: 

ICopy.l 

Economy  Fuse  &  Manijfacturing  Co., 

KiNziE  AND  Orleans  Streets, 

Chicago,  January  12,  IQi;. 
The  question  of  the  revision  of  the  National  Electrical  Code  on  the  subject  of 
cartridge  fuses  will  be  discussed  and  finally  disposed  of  by  the  electrical  committee 
of  the  National  Fire  Protection  Association  at  the  biennial  meeting  which  will  be 
called  at  a  very  early  date. 

In  order  that  this  subject  be  acted  on  intelligently,  it  is  important  that  certain 
information  and  tlie  consensus  of  opinion  of  a  large  number  of  users  of  fuses  be 
obtained  and  placed  before  the  Underwriters 's  committees. 

The  information  requested  on  the  inclosed  blank  will  be  tabulated  for  the  pur- 
pose mentioned  and  your  individual  opinion  and  reply  will  be  confidential. 
Your  name  will  not  be  used  in  any  way. 

Will  you  therefore  kindly  have  your  department  having  jurisdiction  over  the 
electrical  maintenance  of  your  plant  answer  the  questions  on  the  inclosed  blank, 
with  your  full  opinion,  and  return  to  us  in  the  inclosed  stamped  envelope  without 
delay? 

Very  truly  yours. 

Economy  Fuse  &  Manufacturing  Co., 
A.  L.  EusTicE,  President. 

P.  S. — If  you  nave  any  criticisms  on  Economy  fuses,  either  on  design  or  per- 
formance, as  well  as  any  suggestions  on  the  subject  of  fuses  in  their  relation  to  fire 
hazard,  please  do  not  hesitate  to  state  in  full. 

That  is  the  way  in  which  these  statements  of  the  users  were  obtained — not  by  per- 
sonal solicitation  or  seeing  any  of  the  individuals  in  any  way.  All  of  those  answers 
came  back  through  the  mail  in  response  to  that  letter,  and  to  the  form  of  question  s 


84  Technologic  Papers  of  the  Bureau  of  Standards 

inclosed,  which  were  vary  complete,  consisting  of  some  107  diSerent  questions  and 
the  answers  to  them,  which  you  have  examined. 

There  was  something  said  here  about  the  Factorj'  Mutuals.  That  is  another  situa- 
tion which  I  hoped  we  would  not  go  into.  It  was  said  that  the  head  of  the  department 
of  inspectors  of  the  Factorj-  Mutuals — a  very  competent,  capable  gentleman,  who  had 
had  long  years  of  experience — had  found  by  allowing  the  use  of  the  fuse  that  they 
were  improperly  refilled  and  abused  to  such  a  great  extent  that  he  could  not  allow 
them  in  use. 

Mr.  Dow^-ES.  That  is  not  the  statement,  as  the  record  will  show. 

Mr.  FooTE.  Then  I  wish  you  would  restate  it. 

Mr.  DowxES.  I  only  wanted  to  add  that  that  was  one  of  the  chief  difficulties  with 
the  Mutuals. 

Mr.  FooTE.  We  have  submitted  105  cases  of  where  their  risks  have  used  the  fuse, 
and,  as  we  fotmd  from  examination  of  that  evidence,  42  or  43  out  of  that  105  state  and 
admit  that  they  do  refill  the  standard  inclosed  fuses  on  their  premises,  and  quite  a 
number  using  the  Economy  fuse  say  that  practice  has  been  done  away  with,  and  that, 
of  course,  is  the  kej-note  of  this  situation:  Does,  in  practice,  the  use  of  the  Economy 
fuse  tend  to  reduce  this  condition  which  exists  in  tlie  abuse  of  fuses?  Here  is  one  of 
these  letters  which  came  in  about  four  days  ago  (reading): 

I  held  the  report  to  you  to  give  the  fuses  a  thorough  trj-  out.  We  are  certainly 
pleased  with  them.  They  are  reliable  and  do  what  a  fuse  is  supposed  to  do,  and 
"Economy"  is  the  right  name. 

Do  you  refill  standard  nonrefiUable  fuses  on  your  premises?  Yes,  previous  to 
the  present  installation,  which  is  now  Economy  fuses. 

There  are  in  this  list  of  customers — call  it  that  or  not — statements  of  hundreds  to 
the  effect  that  they  did  refill  and  that  they  do  not  now  refill  [standard  fuses]  because 
they  use  Economy  fuses. 

Mr.  Cltxnixgh.\m.  They  do  refill? 

Mr.  FooTE.  They  did  refill  standard  nonrefillable  fuses,  but  now  they  use  the 
Economy,  which  is  a  refillable  fuse. 

But  that  is  important,  and  a  great  many  of  the  people  who  make  these  statements — 
the  names  of  the  men  making  the  statemments  are  given — are  competent  engineers; 
there  are  men  of  no  experience,  all  kinds  of  persons,  and  I  think  a  reading  of  what 
they  say  shows  the  honest)'  of  the  statements  made.  They  have  been  checked  or  I 
presume  they  have  been  checked.  For  instance,  Mahon  Bros.  Electric  Co.,  of  Port 
Williams,  Ontario,  said  (reading); 

We  consider  the  Economy  fuse  a  good,  practical,  efficient,  protective  device, 
one  which  was  long  looked  for.  The  average  electrician  in  charge  of  a  plant  does 
not  stop  to  consider  the  danger  of  using  fuses. 

Another  one  said : 

We  have  been  permitted  by  the  Undcnmtcrs'  Association  of  the  middle  de- 
partment of  Philadelphia  to  use  Economy  fuses.  They  would  not  approve  of 
the  use  of  any  other  renewable  fuse  tlien  on  the  market. 

A-14.  Xinety  per  cent  of  all  fuses  in  our  plant  are  of  the  renewable  type. 
In  my  opinion  if  the  committee  rules  against  the  renewable  fuse  it  will  have  a 
tendency  to  increase  the  fire  danger,  as  the  temptation  to  bridge  a  fuse  is  much 
greater.  With  the  renewable  fuse  it  is  just  as  easy  to  refill  it  properly  as  it  is  to 
"short"  it.  Of  course  this  is  against  the  rules,  but  as  I  have  heard  several  elec- 
tricians say,  "It  is  not  what  you  do,  it's  what  you're  caught  at."  How  many 
inspectors  will  go  into  a  large  plant  and  climb  all  over  the  building  pulling  out 
fuses  to  see  if  a  copper  strip  or  a  piece  of  wire  is  soldered  on  the  back  of  it? 

A-It.  Economy  fuses  have  given  us  as  much  satisfaction  as  the  standard  non- 
refillable fuses  and  should  be  approved.  Nonrefillable  fuses  when  refilled  on 
the  premises  are  subject  to  improper  refilling;  that  is,  reloading  with  improper 
material. 

I  do  not  intend  to  go  through  this,  but  there  has  been  so  much  said  that  I  wanted 
to  give  a  few,  because  there  are  some  350  of  these  letters  containing  definite  answers 
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and  just  a  few,  I  think,  will  tend  to  enlighten  Uie  gentlemen  as  to  what  exists  in 
practice.  Because  a  thing  is  susceptible  of  a  certain  thing,  it  is  not  a  question  of 
what  I  imagine  will  happen ;  it  is  what  does  happen,  which  is  the  question.     (Reading ;) 

A-i,  question  C.  The  price  of  replacing  nonrenewable  fuses  is  objectionable 
and  leads  to  overfusing  to  avoid  cost  and  delays. 

A-3.  A  cheap  renewal  is  more  likely  to  be  installed  than  a  new  expensive 
fuse;  also  it  reduces  tendency  to  overfusing. 

A-6,  Q.  C.  Because  it  reduces  the  cost  about  75  per  cent.  If  the  electrician 
hasn't  a  proper  renewable  fuse  he  will  use  a  more  inferior  class  of  fuse,  perhaps 
copper  wire. 

A-7,  Q.  C.  Cheaper  and  more  convenient,  better  motor  protection  due  to 
less  tendency  to  overfuse  or  plug  circuit. 

Without  going  through  all  these ,  the  answers  would  show  that  the  use  of  the  Economy 
fuse  reduces  the  fuse  expense  in  practically  every  instance.  I  can  give  you  a 
list  of  the  percentages  which  were  found  in  the  printed  document  submitted  to 
the  National  Fire  Protective  Association  which  has  been  stated  here. 

Q.  53.  Have  Economy  fuses  actually  reduced  your  fuse  maintenance  expense? 

The  total  answers  in  the  affirmative  were  333,  total  answering  in  the  negative  16. 

Q.  54.  Have  Economy  fuses  actually  reduced  your  fuse  maintenance  expense? 
How  much  ? 

Average  percentages  stated  in  all  answers  65.78  per  cent  saving. 

That  is  my  answer  to  the  argument  here — what  the  users  find,  because  they  are  the 
ones  who  can  figure  it  out  and  know  what  the  cost  is. 

On  the  question  of  the  number  of  times  the  fuse  is  renewed  in  practice,  there  are, 
aside  from  numerous  ones  who  give  specific  answers,  one  (B.  45)  which  says  he  uses 
Economy  125-ampere  fuses  at  least  50  times.  B-48  says,  "I  kept  track  of  an  80- 
ampere  600- volt  fuse  and  it  has  been  renewed  over  75  times."  D-7,  which  is  the 
Worcester  Pressed  Steel  Co.,  says  he  has  426  fuses  in  use  of  the  Economy  style,  and 
he  has  used  i  ,400  renewal  links. 

Also  as  to  the  question  of  actual  fires  caused  by  fuses,  I  think  in  those  answers  there 
are  definite  references  to  two  cases  of  Economy  fuses,  either  through  improper  loading 
or  through  some  faulty  operation,  having  either  burned  or  caused  some  little  fire, 
and  also  in  that  there  are  nine  specific  cases  of  standard  nonrefillable  fuses  having 
blo\vn  up  and  caused  fire. 

I  waiit  to  add  my  appreciation  to  that  of  Mr.  Merrill 's  as  to  the  efforts  of  the  Bureau, 
and  say  that  we  are  very  much  pleased  with  the  way  in  which  the  Bureau  has  taken 
hold  of  this  matter  and  of  what  has  been  done. 

Mr.  Cunningham.  I  suppose  the  oscillograph  records  and  data  in  reference  to 
those  tests  are  available. 

Mr.  FooTE.  Those  oscillograph  records  are  not  under  our  control. 

Mr.  Cunningham.  I  object  to  any  records  being  used  by  the  board  unless  they  are 
readily  available  to  Mr.  Downes. 

Mr.  FooTE.  You  do  not  allow  me  to  finish.  The  records  are  under  the  entire  con- 
trol of  Dr.  Rosa. 

Dr.  Rosa.  Those  records  did  not  come  to  us  from  the  Economy  Fuse  &  Manufac- 
turing Co.     We  obtained  them  ourselves. 

Mr.  FooTE.  Those  are  oscillograms  tlie  board  took.  They  have  nothing  to  do  with 
the  getting  of  the  results  of  those  tests. 

Mr.  Cunningham.  I  understood  those  tests  were  made  by  the  Bureau  in  Chicago 
and  not  by  the  Economy  Fuse  &  Manufacturing  Co. 

Dr.  Rosa.  They  were  made  in  Chicago  and  copies  supplied  to  us. 

Mr.  Cunningham.  You  did  not  take  charge  of  the  tests? 

Dr.  Rosa.  We  did  not  see  the  tests.     We  have  the  record  and  you  can  see  it. 
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I  wish  to  say  on  behalf  of  the  Bureau,  as  I  stated  at  the  beginning,  we  are  very 
anxious  to  get  complete  information  on  both  sides  of  the  question.  We  realize  it  is  a 
perplexing  question  and  that  a  good  deal  can  be  said  on  both  sides,  and  it  is  a  question 
on  which  different  people  can  ver)'  readily  reach  different  conclusions.  We  would 
like  to  get  testimony  of  users  of  different  t>'pes  of  fuses  as  to  their  experience,  and  of 
course  would  like  to  know  the  names  and  addresses  of  tlie  parties  who  are  giving  the 
statements  in  order  that,  in  so  far  as  practicable,  where  it  is  necessary"  we  may  confer 
with  them.  We  have  done  that  in  some  cases,  in  some  others  have  visited  plants 
where  users  have  used  fuses  in  considerable  numbers  or  in  small  numbers,  as  I  have 
already  stated,  and  conferred  with  those  in  charge. 

A  good  deal  has  been  said  here  in  the  discussion  about  the  "ignorant  public,"  but 
not  so  much  has  been  said  about  the  intelligent  users  of  fuses,  and  I  ^v^ll  say  that  in 
our  inspection  we  found  a  great  deal  of  intelligence  in  the  use  of  fuses,  but  we  have 
also  seen  man}'  examples  of  fuses  improperly  used.  We  shall  not  come  to  a  conclusion 
hastily  in  the  matter.  We  doubtless  shall  have  to  spend  considerable  time  on  it  study- 
ing what  has  been  submitted,  and  perhaps  in  fiuther  experiments  and  inspection. 

We  esteem  the  testimony  of  users  highly,  assuming  of  course  that  we  know  the  users 
and  know  something  of  the  circumstances.  I  think  that  we  have  got  a  good  deal  of 
valuable  information  already  from  the  personal  \-isits  that  we  have  made  to  places 
where  fuses  are  being  used,  both  renewable  and  nonrenewable,  and  to  places  where 
fuses  are  being  renewed  on  the  premises  that  are  not  supposed  to  be. 

There  have  been  some  statements  made  tliat  are  not  in  accordance  with  our  experi- 
ence, in  connection  with  the  testing  of  fuses,  and  I  think  verj'  likely  that  a  personal 
conference  between  ourselves  and  some  of  the  manufactiu'ers  with  regard  to  tests  of 
fuses  and  the  way  they  behave  would  be  desirable ,  in  order  that  we  may  clear  up  any 
outstanding  differences  or  any  differences  that  may  result  after  such  conference, 
where  further  test  is  necessars'. 

We  appreciate  very  much,  indeed,  the  cotutesy  of  tliose  who  have  spoken  to-day, 
and  the  good  temper  that  has  prevailed .  We  hope  that  we  shall  be  able  to  get  sufficient 
information  to  clear  up  the  subject  and  arrive  at  a  correct  result. 

Certainly  nobody  here  is  more  anxious  that  we  reach  a  proper  answer  to  this  question 
than  we  ourselves  are. 

The  conference  will  now  stand  adjoiumed. 

(Thereupon,  at  4.30  o'clock  p.  m.,  the  conference  stood  adjourned.) 

Note. — A  small  amount  of  informal  discussion  which  occiuxed 
at  the  hearing  has  been  omitted  from  the  foregoing  record  for  the 
sake  of  brevity.  All  such  statements  have,  however,  been  duly 
considered  and  carefully  weighed. 

REPLY  OF  ECONOMY  FUSE  &  MANUFACTURING  CO.  TO  STATEMENTS 

MADE  AT  HEARING 

The  Economy  Fuse  &  Slanufacturing  Co.,  in  submitting  its  contention  mth  the 
Underv.xiters'  Laboratories  to  tlie  Bureau  of  Standards,  did  so  with  the  full  confidence 
and  belief  that  here  alone,  outside  of  the  legally  constituted  authorities,  could  be 
secured  a  fair  hearing  on  tlie  acUial  facts  and  evidence. 

It  has,  therefore,  with  full  knowledge  of  its  rights  and  the  opportimities  afforded  for 
the  submission  of  evidence  difficult  to  refute,  though  erroneous,  come  open  handed 
to  this  Bureau,  inviting  the  world  to  answer  it,  insisting  on  nothing,  excepting  that  it 
be  permitted  to  investigate  the  evidence  of  users  of  these  fuses  which  might  be  sub- 
mitted, and  agreeing  to  all  the  suggestions  of  the  Laboratories  whether,  in  its  opinion, 
fair  or  not,  and  it  has  laid  before  tliis  Bureau  all  the  results  of  its  laborious  investiga- 
tions in  ascertaining  the  correct  answer  to  the  question  submitted. 
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The  doors  have  been  thrown  wide  open  and  no  technical  obstacle  placed  in  the 
way  of  submitting  to  the  Bureau  any  evidence,  no  matter  how  obtained,  which  might 
help  answer  the  question  pending,  and  no  objection  or  restriction  has  been  placed 
upon  tlie  arguments  which  were  desired  to  be  made,  whether  based  upon  any  definite 
facts  submitted  or  drawn  wholly  from  the  imagination. 

It  can  not  be  doubted'  that  every  effort  has  been  made  to  secure  evidence  to  meet 
this  company's  contention,  in  view  of  the  action  of  tlie  insurance  organizations  and 
their  efforts  to  make  that  action  appear  fair,  and  considering  the  campaign  of  the 
company's  competitors. 

And  what  has  been  the  result? 

No  evidence  of  the  misuse  of  Economy  fuses  has  been  submitted.  No  verified 
statements  of  the  experience  in  that  use  from  parties  who,  from  observation  and  experi- 
ence in  their  business,  might  have  refuted  the  evidence  submitted  by  the  company, 
if  it  exists,  have  been  produced. 

The  tests  of  the  Economy  fuses  show  equal  performance  with  the  tests  on  standard 
fuses  by  the  Laboratories  and  others.  On  admission  the  question  submitted  can  find 
its  answer  in  the  negative  only  in  the  fact  of  greater  misuse  of  Economy  fuses  than  that 
involved  in  the  use  of  standard  fuses,  whereas  all  the  evidence  emphatically  points 
to  the  fact,  not  only  of  proper  use  but  of  a  use  which  reduces  the  misuse  of  standard 
fuses  and  affords  better  protection  to  circuits. 

The  arguments  at  the  hearing  were  not  directed  to  a  discussion  of  ascertained  facts 
or  to  pointing  them  out.  In  the  case  of  those  of  the  standard  fuse  makers  they  were 
confined  wholly  to  the  unsupported  statements  of  belief  and  authoritatively  annotmced 
opinion. 

"As  who  should  say,  I  am  Sir  Oracle, 
And  when  I  ope  my  lips  let  no  dog  bark;" 

and  to  the  showing  of  some  so-called  tests  as  to  which  current  values  and  much  other 
data,  for  the  intelligent  consideration  of  the  same,  are  omitted. 

We  do  not  intend  to  burden  the  Bureau  with  an  extended  answer  to  the  expression 
of  opinion  by  the  standard  fuse  makers,  as  they  are  answered  and  refuted  over  and 
over  again  in  the  evidence  and  printed  arguments. 

As  we  understand  the  argument,  it  chiefly  stresses  the  construction  and  supposedly 
dangerous  action  of  the  Economy  fuses  by  reason  of  lack  of  filling  materials  and  sol- 
dered contacts. 

The  filling  material  is  constantly  referred  to  as  an  arc-choking  device,  when,  as  a 
matter  of  fact,  the  many  oscillograms  which  the  Bureau  has  will  show  that  the  air 
space  in  Economy  fuses  breaks  a  circuit  quicker  than  any  other  fuses  and  never  holds 
an  arc,  while  the  contrary  is  shown  of  the  arc-choking,  powder-filled  fuses. 

As  to  mechanical  contacts,  we  refer  to  the  fact  that  a  great  majority  of  electrical 
contacts  are  not  soldered.  Witness  the  screwed  and  slip  friction  contacts  for  lamps, 
etc.,  the  pressure  contacts  by  spring  only  on  the  fuse  clips,  and  screwed-down  wire 
connection  on  contact  block  sockets  and  various  electrical  devices,  and  the  m'any 
other  mechanical  contacts  in  the  thousands  of  uses  to  which  electricity  is  applied. 

We  also  call  attention  to  the  fact  that  amongst  the  electrical  men  of  intelligence, 
experience,  and  learning  there  are  as  many  who  prefer  the  mechanical  contact  as  there 
are  who  prefer  the  soldered  contact. 

The  dangerous  operation  referred  to  is  statement  merely,  and  not  fact,  as  we  have 
pointed  out  in  the  mass  of  evidence  submitted,  and  its  constant  recurrence  in  the  argu- 
ments only  tends  to  show  how  the  imagination  is  and  always  has  been  allowed  to  sup- 
ply the  facts  of  experience. 

Over  and  over  again  we  are  told  what  will  happen,  but  when  investigation  is  made 
it  is  found  that  it  does  not  happen. 

This  same  tendency  to  rest  secure  on  their  belief  that  what  they  imagine  is  a  fact, 
and  that  no  investigation  is  necessary  to  prove  it,  accounts  for  the  arguments  that  the 
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Economy  fuse  shells  will  char  and  fill  with  molten  metal  until  they  become  a  danger- 
ous device  from  repeated  refilling,  when  the  fact  is  that  the  metal  is  vaporized,  does 
not  form  any  deposit,  and  the  shell  is  as  clean  after  loo  blows  as  after  i,  and  that  the 
shells  do  not  char  from  the  repeated  operation  of  the  fuse.  Any  charring  of  the  Econ- 
omy shells  would  be  due  to  causes  which  would  also  char  a  nonrefillable  fuse  shell. 
Nonrefillable  fuses  often  remain  in  a  damp  place  until  they  are  completely  rotted 
away,  although  apparently  in  good  shape  to  the  casual  observer.  This  can  not  happen 
to  an  Economy  fuse  because  of  the  ventilation  in  the  air  space  in  the  interior  and  the 
thickness  of  the  shell. 

We  wish,  again,  to  emphasize  the  fact  that  it  is  discrimination  against  the  Economy 
fuses  which  is  the  chief  point  here,  and  we  attach  a  copy  of  the  patent  on  an  approved 
Killark  fuse,  and  call  attention  to  lines  no  to  115,  page  2,  and  35  to  40,  page  3,  where 
the  readily  renewable  features  of  the  fuse  are  especially  claimed  and  set  forth.  This 
language  is  as  follows: 

To  renew  or  replace  any  part  or  member  of  the  fuse,  it  is  merely  necessary  to 
remove  end  caps  2-2,  when  the  remaining  members  of  the  fuse  may  be  readily 
taken  from  the  casing  i,  as  will  be  obvious. 

My  new  fuse  may  be  economically  manufactured,  and  it  will  be  observed  that 
the  several  parts  thereof  may  be  readily  assembled  and  may  also  be  easily  and  con- 
veniently renewed  or  replaced. 

In  what  way  does  this  fuse,  in  the  claims  made  for  it,  differ  in  principle  from  the 
Economy  fuses?  Many  other  standard  fuses  are  as  easily  renewable  and  are  used  as 
such,  as  simple  investigation  shows. 

Respectfully  submitted. 

R.  J.  FooTE,  Counsel. 

STATEMENT  ON  BEHALF  OF  MANUFACTURERS  OF  APPROVED  FUSES 

I.  Economy  Fuses  Cause  Greater  Hazard. — The  manufacturers  of  the  cartridge-in- 
closed fuses  at  present  listed  as  standard  by  the  Underwriters'  Laboratories  maintain 
that  the  cartridge  fuses  manufactured  by  the  Econom)-  Fuse  &  Manufacturing  Co.,  by 
reason  of  their  design  and  plan  of  use  with  innumerable  refiUings,  cause  a  greater  fire 
and  accident  hazard  chan  the  fuses  of  the  cartridge  type  approved  by  the  Under- 
writers. The  manufactiu'ers  of  approved  fuses  contend  that  the  Economy  Fuse  & 
Manufacturing  Co.  has  reverted  to  a  type  of  fuse  found  fundamentally  defective  more 
than  20  years  ago,  in  order  to  make  the  fuse  conveniently  refillable  by  the  user;  that 
the  fuse  is  so  expensive  that  it  must  be  refilled  many  times  to  pay,  and  grows  rapidly 
more  dangerous  at  each  refilling. 

The  question  here  is  not  whether  the  futtu'e  will  produce  an  inclosed  fuse  of  the 
cartridge  type  which  can  safely  be  refilled.  The  present  approved  fuses  when  not 
badly  strained  can  be  refilled  by  the  manufacturer,  who  has  at  hand  new  elements 
for  all  strained  parts,  and  are  so  refilled  from  time  to  time.  The  question  is  not  whether 
a  cartridge  fuse  can  be  made  which  can  safely  be  refilled  by  the  user,  although  such  a 
t}-pe  has  not  yet  been  put  out.  The  question  is  whether  it  is  as  safe  to  use  a  fuse  without 
arc -choking  material,  a  type  discarded  as  dangerous  for  20  years,  and  to  refill  it  innu- 
merable times,  as  to  tise  the  approved  type  of  fuses,  which  is  wonderfully  efiicient 
as  designed,  which  may  be  made  as  dangerous  as  the  Economy  fuse  by  improper 
refilling,  but  which  is  so  cheap  compared  with  Economy  fuses  and  so  inconvenient 
to  refill  that  refilling  is  infrequently  resorted  to. 

We  contend — 

(i)  That  the  Economy  fuse  presents  an  increased  fire  hazard  over  the  approved 
fuse  when  first  put  up. 

(2)  That  it  is  much  more  dangerous  when  refilled  than  when  new,  the  danger 
increasing  with  each  refilling. 
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(3)  That  being  sold  at  several  times  the  cost  of  the  approved  fuses,  with  the  advice 
to  refill  repeatedly,  they  are  purchased  only  by  people  who  intend  to  refill  them 
repeatedly,  whereas  approved  fuses  are  not  readily  refilled  and,  in  fact,  the  sizes 
most  used  seldom  are  refilled ;  consequently  the  Economy  fuse  is  for  the  greater  part 
of  its  life  a  refilled  fuse,  and  it  is  accordingly  fair  to  compare  the  Economy  refilled 
fuse  with  the  approved  iiewjuse,  imder  which  circumstances,  a  fortiori,  the  Economy 
fuse  is  far  more  dangerous  than  the  approved  fuses. 

(4)  That  the  fact  that  the  approved  and  all  other  fuses  are  dangerous  when  refilled 
improperly  by  the  user  only  proves  that  refilling  by  the  user  should  be  forbidden. 
The  Economy  fuse  is  at  least  equally  dangerous  when  refilled  by  the  user,  and  the 
Economy  fuse,  where  used  at  all,  must  average  to  be  refilled  a  great  many  times  to 
repay  its  high  cost,  and  is  refilled  until  it  has  caiised  a  fire  hazard. 

2.  Construction  of  the  Economy  Fuse. — The  cartridge  fuse  of  the  Economy  Fuse  & 
Manufacttuing  Co.  proposed  for  approval  consists  of  the  usual  fiber  cartridge,  inclosed 
by  metal  end  caps.  To  make  these  replaceable  readily  by  the  user,  the  fiber  tube 
is  threaded  and  the  end  cap  is  also  threaded  and  fitted  with  expensive  brass  parts, 
which  bring  the  Economy  selling  price  up  to  25  cents  for  a  30-ampere  fuse  against 
9  cents  for  an  approved  type  fuse.  Within  the  case  is  the  fusible  element,  con- 
sisting usually  of  a  zinc  strip  and  connected  to  copper  terminals.  The  fuse  strip, 
except  for  the  fact  that  it  has  a  double  rather  than  a  single  notch,  does  not  differ 
materially  from  the  approved  fuses.  The  vital  difference  is  that  in  order  to  make 
the  fuse  conveniently  refillable  by  the  user  a  vital  element  is  abandoned,  namely, 
the  filling  of  finely  divided  arc -choking  material,  which  is  contained  in  the  fuses 
approved  by  the  Underwriters  and  expensive  machine  work  is  added,  giving  no 
added  safety,  but  a  great  incentive  to  repeated  refiUings. 

The  method  of  attachment  of  the  fusible  element  to  the  terminal  also  differs  from 
that  adopted  by  the  manufacturers  of  approved  fuses,  in  that  the  fusible  element 
is  not  soldered  to  the  terminal.  Soldering  must  be  omitted  if  ordinary  users  are  to 
refill,  but  the  omission  adds  greatly  to  the  danger  of  the  fuse,  especially  when  refilled, 
owing  to  the  probability  of  a  poor  contact,  causing  the  blow  to  occtu"  at  the  terminal 
instead  of  the  central  portion  of  the  fuse.  This  danger  increases  at  each  refilling. 
There  are  other  defects,  but  those  above  referred  to  are  most  vital. 

(i)  Omission  of  arc-choking  material  to  facilitate  refilling. 

(2)  Addition  of  screw  machine  and  other  expensive  features,  giving  no  added 
safety,  but  increasing  cost  over  approved  fuses,  so  that  numerous  refillings  must  be 
made. 

(3)  Omission  of  soldering  giving  bad  contact,  particularly  when  refilled,  and  incit- 
ing to  use  of  a  double-fusible  element. 

(4)  Omission  of  warning  to  users  that  fuse  case  will  carbonize  after  a  few  blows 
from  extended  overload  and  consequent  refilling  of  fuses  with  carbonized  tubes, 
until  they  have  actually  caught  fire  or  exploded. 

3.  Construction  of  the  Approved  Fuses. — The  cartridge  fuses  made  by  the  manu- 
factiu'ers  of  approved  fuses,  as  above  stated,  also  consist  of  a  fiber  casing  inclosed  by 
metal  end  caps.  Within  the  case  is  the  fusible  element,  consisting  usually  of  a  zinc 
strip  and  connected  to  copper  terminals.  The  fusible  element,  however,  imlike 
that  used  by  the  Economy  Fuse  &  Manufacturing  Co.,  is  smrounded  by  a  packing 
of  the  finely  divided  material,  principally  ground  plaster  of  Paris,  which  20  years' 
experience  has  shown  to  be  the  best-known  material  for  choking  the  electric  arc 
formed  on  the  blowing  of  a  fuse.  This  material  is  omitted  by  the  Economy  Fuse 
&  Manufactiuing  Co.  to  decrease  the  expense  and  difficulty  of  refilling  the  fuse. 
Fuse  strips  used  by  the  standard  manufactiu'ers  for  all  high-capacity  fuses  are  deeply 
notched  at  the  center,  whereas  the  larger  capacity  Economy  fuses  have  a  double  notch. 
It  is  contended  that  this  double  notch  removes  the  necessity  of  the  powdered 
material,  but  it  is  unquestionable  that  although  a  fuse  strip  not  surrounded  with 
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finely  divided  arc-choking  material  will  operate  safely  a  greater  percentage  of  the 
time  when  double  notched  tlian  when  single  notched,  yet  the  omission  of  the  arc- 
choking  material  renders  even  the  double-notched  fuse  strip  certain  to  operate  badly, 
tmder  conditions  when  the  standard  fuses  will  operate  well,  as  will  be  more  fully 
pointed  out  hereafter. 

The  approved  fuses,  furthermore,  in  all  cases  have  the  fusible  element  soldered 
to  the  terminal.  Thisalsomakesforsafety  and  accuracy  of  operation.  The  absence  of 
soldering  invariably  causes  danger  of  an  imperfect  contact,  especially  when  the  fuse 
is  refilled,  and  an  imperfect  contact  will  invariably  vary  the  action  of  the  fuse  and 
endanger  its  operation. 

The  approved  fuses  contain  no  expensive  elements  designed  to  facilitate  refilling, 
and  in  consequence  can  be  and  are  sold  for  less  than  one-third  the  price  of  the  Economy 
fuses  on  most  sizes.  The  following  list,  with  discounts  deducted,  is  believed  to  be 
correct,  although  it  must  be  remembered  tliat  these  prices  vary  somewhat  from  time 
to  time: 


Amperes 

Net  price 
Economy 
reflllable 

Net  price 
Shawmut 
approved 

30           

$0.25 

.50 

1.00 

2.00 

$0.09 

.126 

100         

.324 

200  

.72 

WTien  it  comes  to  refilling,  the  approved  fuse  can  not  be  refilled  without  much 
inconvenience  and  expense,  and  the  refilling  is  not  suggested  except  for  large  sizes, 
and  refilling  by  user  is  discouraged  in  every  possible  way.  The  ordinar)'  user  does 
not  refill.  The  first  cost  being  less  than  one-third  of  the  Economy  fuse,  users  wishing 
to  be  safe  will  use  new  fuses,  particularly  in  small  sizes,  or,  if  determined  to  refill 
fuses,  will  generally  send  them  to  some  maker  having  conveniences  for  refilling, 
because  the  expense  of  home  refilling  will  be  disproportionate.  When  refilled  at  the 
factory,  the  maker  can  supply  proper  arc-choking  material  and  can  replace  charred 
cases  or  other  defective  parts,  whereas  the  Economy  fuse  user  must  make  up  for  his 
great  initial  cost  by  replacing  nothing  but  the  fusible  link  and  doing  it  himself. 

4.  Economy  Type  of  Fuse  Discarded  20  Years  Ago. — Prior  to  1896  electric  fuses  had 
been  in  common  use  for  many  years,  and  all  the  elements  of  the  Economy  type  of 
fuse  were  well  kno'ivn .  Tubular  cases  of  hard  rubber  or  other  nonconducting  material , 
and  cases  of  wood  of  many  different  shapes,  were  frequently  used  as  a  protection 
against  fire  hazard,  and  in  these  cases  notched  or  othen\-ise  weakened  strips  were 
placed,  which  could  readily  be  replaced  upon  the  blowing  of  the  fuse.  These  fuses 
were  satisfactory  imtil  the  advent  of  djTiamos  of  large  capacity  and  increased  voltage, 
when  trouble  began  to  develop,  imtil,  about  1895  or  i8g6,  it  became  apparent  to  the 
Underwriters  that  fuses  exposed  to  severe  conditions  were  highly  dangerous  as  then 
made,  and  that  the  inclosure  of  the  fuse  in  a  casing  merely  increased  the  danger  of  a 
destructive  arc.  See  Electrical  Engineer  of  February  5,  1896,  in  which  the  following 
statement  occurs; 

6.  Inclosing  a  fuse  is  not  safe,  as  the  gases  generated  upon  the  fusion  of  the 
metal  will  continue  to  carry  the  current  in  event  of  a  short  circuit.  See  paper 
read  before  the  American  Street  Railway  Association  at  Atlanta,  Ga.,  entitled 
"  Destructive  arcing  of  500- volt  fuses. " 

The  permanence  of  an  art,  let  alone  its  progress,  must  depend  largely  on  the 
reliability  of  the  apparatus  employed  in  it,  and  in  this  term  must  be  included 
the  factor  of  safety.  From  the  very  first  the  fire  hazard  connected  with  current 
distribution  has  been  forced  upon  the  electrical  engineer,  and,  indeed,  its  con- 
sideration still  constitutes  a  live  question  before  electrical  bodies,  toward  which 
the  constant  pressure  brought  upon  them  by  the  fije  underwriters  has  contributed 
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not  a  little.  The  fusible  cut-out  has  long  been  the  subject  of  special  attacks,  but 
one  of  the  strongest  indictments  thus  far  formulated  against  its  use  is  the  report 
of  William  McDevitt,  of  the  Philadelphia  Board  of  Fire  Underwriters.  In  view 
of  the  probable  effects  of  the  submission  of  this  report  we  have  deemed  it  well 
to  print  it  in  full  in  order  to  place  before  our  readers  all  the  evidence  adduced 
by  its  author  in  his  sweeping  condemnation.  That  Mr.  McDevitt  does  not  stand 
alone  in  the  position  taken  by  him  no  one  who  is  familiar  with  the  drift  of  opinion 
in  electrical  circles  will  deny,  and  the  increasing  number  of  specifications  calling 
for  magnetic  circuit  breakers  for  circuits  carrj-ing  above  15  or  20  amperes  strongly 
supports  Mr.  McDevitt  in  his  contention.  The  fuse  has  done  good  service,  but 
if  its  day  of  usefulness  is  gone  for  heavy  currents,  then  it  must  give  place  to  its 
old  competitor,  even  though  its  low  cost  is  not  the  least  of  the  arguments  in 
its  favor. 

The  effect  of  this  situation  was  that  it  was  seriously  proposed  to  abandon  fuses  in 
favor  of  automatic  cut-outs.  Under  these  circumstances,  the  D.  &  W.  Fuse  Co.,  one 
of  the  manufacturers  of  approved  fuses,  developed  a  fuse  in  which  the  fusible  element 
was  surrounded  by  a  finely  divided  arc-choking  material.  This  fuse  is  the  basis  of 
all  the  fuses  of  the  cartridge  type  approved  by  the  Underwriters.  The  idea  was  first 
patented  by  Mordey,  an  Englishman,  but  the  first  development  of  the  idea  on  a  large 
scale  was  by  the  D.  &  W.  Fuse  Co.  Other  fuse  manufacturers  immediately  followed 
this  line,  and  innumerable  improvements  have  since  been  made,  with  the  result  that 
it  is  possible  to  handle  any  strength  of  current  at  600  volts  with  one  of  these  fuses, 
properly  made  and  designed,  while  the  link,  not  sinroimded  by  a  finely  divided  arc- 
choking  material,  has  remained  and  still  remains  a  source  of  great  danger,  it  being  as 
true  now  as  in  1896  that  a  fuse  link  not  surrounded  by  a  finely  divided  arc-choking 
material  is  likely  to  form  a  destructive  arc  when  it  blows,  and  the  continuance  of 
the  arc  is  increased  instead  of  diminished  by  the  existence  of  the  exterior  casing. 

Notwithstanding  the  great  superiority  of  a  properly  designed  fuse  of  the  cartridge 
type  filled  with  an  arc-choking  material,  the  demand  of  the  public  for  cheap  fuses 
was  such  that  it  was  many  years  before  the  Underwriters  could  force  the  public  to 
purchase  properly  made  fuses.  The  difficulty  was  that  the  public  demanded  some- 
thing cheap  rather  than  something  safe,  the  contest  being  that  which  has  always 
existed  between  the  rules  of  public  policy  shown  by  building  laws  enforcing  fireproof 
construction  as  compared  with  the  willingness  of  the  public  to  put  up  fire  traps 
wherever  permitted.  Diuing  this  early  period  the  renewable  idea  was  expressed  in 
patents  and  frequently  embodied  in  manufacture,  but  the  Underwriters,  with  their 
growing  experience  of  the  dangers  of  imsafe  construction,  were  firm,  not  only  for  a 
safe  original  construction  but  in  their  demand  for  a  fuse  so  made  that  refilling  would 
be  a  job  requiring  more  time  and  patience  than  the  ordinary  person  would  be  apt 
to  use. 

The  public  hates  to  throw  away  a  thing  when  many  of  its  parts  look  all  right,  and  in 
consequence  frequent  attempts  have  been  made  to  put  out  a  fuse  refillable  by  the 
user,  but  in  practice  such  fuses  must  revert  to  the  old  idea  of  a  link  simply  sturounded 
in  a  case  without  an  arc-choking  medium,  because  users  will  not  mess  with  a  filler. 
The  Economy  company  has  reverted  to  this  type,  using  parts  of  great  strength  to  stand 
the  strain  necessarily  developed  by  their  construction.  This  great  strength  of  parts  is 
useful  in  a  fuse  of  the  approved  type,  having  an  arc  choker;  but  is  rather  a  danger  than 
otherwise  in  the  case  of  a  fuse  not  surrounded  by  an  arc-choking  material,  because  in 
that  case  there  is  nothing  to  prevent  tlie  metal  vapor  from  holding  the  current,  and  if 
the  current  holds  through  the  vapor,  the  stronger  the  casing  the  greater  the  danger  that 
the  circuit  will  stay  closed  until  the  apparatus  is  damaged  and  the  most  serious  results 
have  occurred. 

The  Economy  fuse  is  therefore  of  a  defective  type,  although  as  well  made  as  is  now 
practicable  for  that  type. 

5.  Economy  Fuses  Fail  Under  Severe  Short-Circuit  Tests. — Both  the  Underwriters  and 
the  manufacturers  of  approved  fuses  have  tested  the  fuses  made  by  the  Economy  com- 
pany and  the  results  of  a  few  of  these  tests  are  aimexed. 
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The  danger  to  apparatus  involved  in  testing  a  fuse  known  to  be  bad  in  design  is  so 
great  that  it  is  very  diflBcuIt  to  obtain  permission  to  make  such  tests  on  600- volt  circuits 
where  the  danger  to  apparatus  from  any  failure  is  greatest  and  the  likelihood  of  failure  is 
greatest. 

The  tests  to  which  we  shall  refer  are  as  follows: 

(First)  Statement  of  October  29,  IQ14,  No.  3408,  issued  by  the  Underi^riters' 
Laboratories  (Inc.),  which  reports  as  follows  on  the  Economy  600- volt  fuses,  from 
61  to  400  amperes: 

Failure  on  short-circuit  tests. 

This  failure  of  the  Economy  fuses  at  600  volts  contrasts  with  the  fact  that  the 
approved  fuses,  witli  occasional  exceptions,  readily  remedied  by  change  of  design 
will  meet  the  tests  imposed  without  difficulty.  The  250- volt  line  and  the  smaller 
capacities  of  the  600- volt  line  of  the  Economy  company  have  not  been  approved  by 
the  underwriters,  and  we  understand  that  their  operation,  though  better  than  the 
large  capacities  of  the  600-volt  line,  isbyno  means  satisfactorj-,  whereas  the  stand- 
ard lines  operate  almost  perfectly.  The  approved  fuses  can  be  improved  by 
change  of  design  to  meet  much  more  difficult  tests,  if  the  public  will  stand  the 
expense;  but  the  unfilled  fuse  can  not  do  better,  as  its  design  is  fatally  defective. 

A  copy  of  this  is  annexed '  and  marked  "  Underwriters'  tests  of  Economy  fuses. " 

(Second)  Tests  by  D.  &  W.  Fuse  Co.  In  these  tests  the  Economy  fuses  in  most 
cases  exploded.  One  loo-ampere  and  one  200-ampere  fuse  of  the  250-volt  line 
operated  properly,  however,  but  exploded  when  reloaded  with  a  sand  filler. 
This  refilling  was  improper,  but  is  not  unusual.  The  fact  tliat  these  two  fuses 
when  filled  with  sand  operated  badly  is  an  argument  only  against  any  refilled  fuse 
and  not  against  the  Economy  fuse  in  particular. 

In  these  tests  the  D.  &  W.  standard  fuses  operated  properly  with  one  exception, 
in  which  a  loosely  attached  end  cap  blew  off. 

This  paper  is  attached  '  in  full  to  this  brief,  being  marked  ' '  Tests  of  Economy  renew- 
able fuses  by  D.  &  W.  Fuse  Co. " 

(Third)  Tests  by  Chase-Shawmut  Co.  The  Chase-Shawmut  Co.  tested  the 
Economy  30,  60,  100,  and  200  ampere  fuses  in  connection  with  the  Edison  electric 
light  storage  battery  in  Boston.     The  result  of  these  tests  was  as  follows: 

One  out  of  four  30-ampere  fuses  had  a  bad  explosion  at  one  end  on  the  first  trial. 
One  of  the  fuses  which  operated  well  once  operated  badly  as  soon  as  refilled.  The 
other  two  were  not  tested  on  refilling  from  lack  of  time. 

Of  five  60-ampere  fuses  the  operation  was  substantially  satisfactory  on  the 
first  filling.  WTien  tested  on  refilling,  three  flashed  so  as  to  fire  cotton.  Two  were 
not  refilled. 

Of  seven  loo-ampere  fuses  tested  two  operated  properly,  although  with  a  slight 
flash,  while  five  operated  with  flash  sufficient  to  ignite  cotton.  Refillings,  in  all 
cases  caused  a  flash  which  ignited  cotton. 

Two  200-ampere  Economy  fuses  tested  operated  properly  on  the  first  test,  and 
improperly  when  reloaded.  A  third  200-ampere  Economy  fuse  exploded  when 
first  tested. 

A  400-ampere  Economj-  fuse  also  exploded  v.hen  first  tested. 

Chase-Shawmut  fuses  tested  at  the  same  time  operated  properly. 

The  testing  circuit  was  practically  free  from  inductance,  and  so  did  not  subject 
the  fuses  to  the  condition  which  the  Economy  company  finds  most  dangerous  for 
its  fuses.  There  was  a  dj-namo  feeding  into  the  batterj'  and  the  usual  motor  and 
light  circuits,  but  nothing  whatever  on  the  testing  line  except  the  testing  appara- 
tus. The  resistance  was  greater  than  the  imderwriters  provide,  which  decreased 
the  severity  of  the  test  somewhat. 

Details  of  these  tests  are  hereto  attached,'  marked  "Tests  of  Economy  refiUable 
fuses  by  Chase-Shawmut  Co. " 

6.  Economy  Fuse  Most  Dangerous  where  Host  Used. — The  brief  of  the  Economy 
Fuse  &  Manufacturing  Co.,  presented  to  the  National  Fire  Protection  Association 
April  30,  1915,  on  page  59,  relating  to  fuse  tests,  contains  the  follo-sving  statement: 

The  company  has  developed  the  fact  that  under  general  conditions  the  physical 
efifects  of  the  operation  of  a  fuse  on  short-circuit  performance  depend  particularly 
upon  the  factors  of  available  capacitj-,  resistance  in  the  circuit,  and  the  induct- 

^  Xot  included  in  this  report. 
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ance  in  the  circuit,  the  latter  being  by  far  the  most  important.  In  other  words, 
the  operation  of  a  fuse  on  a  severe  short  circuit,  as  to  the  venting  of  fire,  bursting 
of  shell,  etc.,  depends  upon  the  relation  of  the  ohmic  resistance  and  inductance; 
in  other  words,  a  circuit  with  a  constant  available  capacity  and  with  a  drop  of 
less  than  one-half  of  i  per  cent  per  100  amperes,  v>-here  the  impedance  ohms  are 
not  greater  than  the  resistance  ohms,  will  not  cause  fire  venting  or  shell  bursting 
on  short  circuit  in  the  Economy  fuse  on  repeated  renewals,  and  with  the  same 
end  washers,  but  with  Uie  same  capacity  and  tlie  same  or  a  higher  drop  per  100 
amperes,  if  the  impedance  ohms  exceed  the  resistance  ohms  materially,  the 
destructive  effect  on  any  fuse  on  short-circuit  operation  varies  with  the  increase 
in  the  impedance  ohms  in  the  circuit. 

The  fact  is  that  without  inductance  in  the  circuit  Economy  fuses  as  well  as 
approved  fuses  will  have  a  perfect  score  on  severe  short-circuit  operation,  with 
less  than  the  code  requirements  as  to  resistance,  on  practically  an  unlimited 
number  of  renewals  with  the  same  parts.  The  actual  tests  have  not  been  extended 
beyond  50  renewals.  Some  of  the  approved  so-called  nonrenewable  fuses  show 
fire  venting  on  the  same  test  conditions.  With  sufficient  inductance  in  the  cir- 
cuit to  cause  an  Economy  fuse  to  vent  fire  on  the  second  or  third  operation  with 
the  same  end  washers,  so-called  approved  nonrenewable  fuses  will  vent  fire  on 
the  first  operation.  Given  conditions  under  which  any  of  the  approved  non- 
renewable fuses  will  not  vent  fire,  an  Economy  fuse  under  the  same  conditions, 
tmless  the  end  washers  are  injiu-ed,  will  not  vent  fire  on  subsequent  renewals, 
and  on  the  replacement  of  washers  on  any  renewal  fire  venting  will  absolutely 
cease. 

In  practice  no  case  has  ever  come  to  the  attention  of  the  company  where  the 
operation  was  severe  enough  to  make  necessary  the  replacement  of  the  washers. 
It  is  only  on  a  highly  inductive  test  circuit  where  the  available  capacity  is  many 
times  in  excess  of  that  existing  in  any  of  the  largest  industrial  installations  that 
the  washers  ever  need  to  be  or  should  be  replaced  to  prevent  fire  venting,  but  for 
safety  the  company  recommended  to  users  the  replacement  of  washers  after 
severe  short-circuit  operation. 

The  substance  of  this  statement  is  that  the  fuses  are  most  liable  to  operate  dan- 
gerously when  used  on  circuits  containing  motors,  and  that  the  danger  is  much  greater 
on  the  refilled  fuse  than  on  the  new  fuse.  Now,  it  is  well  known  that  the  blowing 
out  of  fuses,  except  on  circuits  containing  motor  circuits,  is  comparatively  rare.  The 
principal  argument  for  a  refillable  fuse  is  that  on  motor  circuits  blow-outs  are  frequent, 
and  it  is  unfair  to  the  user  to  compel  him  to  use  new  fuses  after  each  blow-out.  In 
view,  however,  of  the  admission  of  the  Economy  company  that  these  motor  circuits 
are  the  most  dangerous  circuits  known,  it  seems  to  the  approved  fuse  makers  obvious 
that  standard  fuses  are  much  safer  than  Economy  refillable  fuses  for  such  circuits, 
because  the  Economy  fuse  is  sent  out  to  be  refilled  and  is  refilled  until  it  actually 
has  become  so  bad  that  it  is  impossible  to  get  a  new  element  in,  which  means  that  it  is 
used  until  it  has  actually  caused  a  fire  danger,  while  the  approved  fuses,  in  the  classes 
under  65  amperes,  are  never  refilled  by  the  maker  and  are  practically  unrefillable. 
The  large  fuses  are  not  approved  by  the  Underwriters  when  refilled  except  by  the 
maker,  who  has  an  opportunity  to  replace  all  bad  materials. 

7.  Approved  Fuses  Operate  Safely  on  Motor  Circuits. — Contrasting  with  Uie  practical 
admission  that  there  is  danger  from  Economy  fuses  when  refilled,  on  motor  circuits, 
which  is  where  they  are  to  be  used,  and  with  the  fact  that  the  Economy  fuse  is  to  be 
refilled  until  it  has  caused  a  fire  hazard,  we  have  the  fact  that  the  approved  fuses 
operate  safely,  with  great  regularity,  on  motor  circuits  of  the  most  difficult  and  dan- 
gerous character.  The  fuses  of  the  D.  &  W.  Fuse  Co.  are  used  upon  the  Interborough 
System  in  New  York,  where  the  circuit  is  practically  all  motors,  and  where  operation 
must  be  not  only  safe  but  reasonably  quiet,  and  give  satisfaction.  The  Economy 
fuse  might  sometimes,  when  new,  operate  properly  imder  such  conditions;  but  we 
can  not  understand  how  it  is  possible  to  say  that  the  Economy  fuse,  which  is  to  be 
used  under  these  dangerous  conditions  until  it  has  operated  badly,  can  be  thought 
to  be  as  safe  as  the  D.  &  W.  fuse,  which  is  not  designed  to  be  used  except  once,  for 
capacities  of  60  amperes  and  below,  and  never  a  second  time,  until  it  has  been  remade 
by  a  fuse  manufacturer  responsible  for  results,  with  renewal  of  every  weakened  part. 
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The  capacity  of  the  approved  fuses  to  withstand  conditions  to  which  motor  circuits 
are  exposed,  is  also  shoivn  by  tests  made  by  the  Cliase-Shawmut  Co.  for  another  pur- 
pose, a  statement  of  which  is  hereto  annexed,^  marked  " Chase-Shawmut  tests  of 
approved  type  of  fuses  at  600  volts,  at  main  station  of  Boston  Elevated  Railwaj'  Co. " 

These  tests  were  made  ^^-ith  an  oscillograph,  for  purposes  of  a  suit,  and  their  results 
were  unquestioned.  The  short  circuit  was  made  through  two  500  000  circular  mils 
copper  cables,  one  for  the  feed  and  one  for  the  return  of  a  length  of  about  270  feet, 
giving  a  resistance  on  the  line  of  about  one-fifth  that  prescribed  by  the  Underwriters. 
The  capacity  of  the  dynamos  running  tlie  system  at  that  time  from  that  station  was 
great,  and  in  addition  all  of  the  stations  were  tied  in  together,  so  tliat  on  the  short 
circuits  the  temporary  rise  of  the  cmrent  values  on  the  testing  line  was  met  by  the 
assistance  of  the  other  stations,  and  by  the  reaction  of  every  motor  on  the  line.  On 
some  tests  the  current  rose  to  17  450  amperes.  All  the  fuses  tested  as  representing 
the  standard  line  of  the  Chase-Shawmut  Co.,  operated  perfectly  except  one,  which 
lost  an  end  cap,  owing  to  improper  fastening.  Fuses  tested  at  the  same  time,  of  de- 
signs believed  to  be  not  quite  perfect,  operated  very  badly.  We  have  been  unable 
to  submit  Economy  fuses  to  this  test,  because  it  is  so  severe  that  the  Boston  Elevated 
Railway  Co.  refuses  to  permit  it;  but  it  is,  after  all,  a  test  to  which  fuses  are  subject. 
It  is  quite  true  that  any  Shawmut  fuse  refilled  by  the  user  would  probably  disappear 
in  smoke  under  this  test,  but  that  is  not  a  reason  for  holding  that  fuses  refilled  by  the 
users  should  be  approved.  It  is  merely  a  reason  for  forbidding  the  use  of  any  fuse 
for  which  some,  so  to  speak,  licensed  fuse  maker,  is  not  responsible,  both  as  to  making 
and  refilling. 

8.  Users  will  not  Discard  or  Discover  Carbonized  or  Strained  Cases  or  Distorted  Caps. — 
In  view  of  the  statements  of  the  makers  of  the  Economy  fuse  that  their  fuses  may  be 
refilled  50  times  (brief  of  Apr.  30,  1915,  p.  60),  it  is  obvious  that  users  will  keep  on  re- 
filling the  fuse  until  it  bums  up.  This  is  a  serious  hazard.  A  fuse  which  goes  back 
to  the  mantif  actiu-er  is  always  examined  by  experts  to  see  whether  the  case  is  weakened 
by  carbonization.  The  user,  on  the  contrary,  will  note  only  that  the  outside  of  the 
case  is  intact,  and  if  he  can  take  off  the  caps,  put  in  the  new  link,  and  replace  the  caps, 
he  will  put  his  fuse  into  the  circuit  with  a  clear  conscience.  Accordingly,  when  the 
approved  fuse  blows  from  long-continued  overload,  with  the  result  of  carbonizing  its 
tube,  it  is  not  a  fire  hazard ,  because  the  makerwill  discard  thecarbonized  tube.  When 
the  tube  of  an  Economj'  fuse  is  charged,  however,  it  constitutes  a  grave  fire  and 
accident  hazard,  because  it  will  remain  in  the  circuit  until  it  has  burned  or  exploded. 

9.  Refilling  of  Approved  Fuse  Difficult  for  User. — The  refilling  of  an  approved  fuse 
in  the  sizes  60  amperes  and  below,  which  constitute  the  great  majority  of  fuses  used, 
is  so  difficult  that  it  can  not  be  economically  performed,  even  by  the  maker.  This  is 
shown  by  the  fact  that  makers  do  not  attempt  it.  The  fuse  sells  for  g  cents,  or  less, 
and  there  is  no  great  margin  of  profit  to  encourage  refilling,  as  there  is  in  the  Economy 
fuse,  selling  for  25  cents.  The  approved  fuse  of  60  amperes  and  below  has  no  facilities 
for  the  insertion  of  a  new  fuse  link  except  by  soldering,  and  it  is  ob\ious,  if  the  maker 
of  the  fuses  can  not  refill  them  at  a  profit,  that  the  user  can  not.  Accordingly,  the 
approved  fuses  in  these  small  sizes  are  practically  never  refilled,  while  the  Economy 
fuse  of  the  same  size  is  refilled  until  it  has  actually  burned  up  and  caused  a  fire  hazard. 

The  refilling  of  the  larger  capacity  approved  fuses  can  be  done  at  a  saving  over  the  use 
of  new  fuses,  but  it  is  not  a  work  which  can  be  done  economically  by  anyone  except 
the  maker,  equipped  with  soldering  and  other  facilities.  The  rate  for  refillings  made 
by  the  maker  is  so  low  that  only  a  trivial  proportion  of  the  persons  using  these  fuses 
attempt  to  make  them  themselves.  The  user  is  not  encouraged  to  refill  the  fuses  him- 
self, and  in  practice  does  not  do  so.  Undoubtedly  illustrations  of  users  refilling  the 
approved  fuses  can  be  given,  but  the  refilling  of  an  approved  fuse  by  the  user  is  the 
exception,  while  that  of  an  Economy  fuse  is  a  rule. 

2  Not  included  in  this  report. 
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10.  Refilling  of  Approved  Fuse  More  Readily  Deleclcd  than  that  of  Economy  Fuse. — 
The  statement  of  the  Economy  company  that  the  improper  refilling  of  an  Economy 
fuse  can  be  more  readily  detected  than  that  of  the  approved  fuse  is  erroneous. 

The  user  will  not  accept  fuses  without  an  original  label  of  an  approved  manufacturer 
for  the  original  fuse,  and  a  proper  refilled  label  for  the  approved  fuse  when  refilled,  if 
he  desires  the  protection  of  approved  fuses.  If  the  fuse  has  been  refilled  by  the  maker, 
there  will  be  a  refillinglabcl  on  it.  If  a  user  has  tried  to  refill  it  in  practice,  the  lack 
of  an  indicator  will  readily  show  to  the  inspector  when  an  approved  fuse  has  been  re- 
filled by  the  user.  Even  without  the  indicator,  however,  in  general,  refilling  by  the 
user  is  bound  to  be  apparent,  on  account  of  the  impossibility  of  replacing  pins  and 
caps  without  leaving  marks  of  the  tools  and  of  the  effects  of  the  blow. 

The  Economy  fuse,  however,  has  no  indicator,  and  the  fuse  must  be  taken  out  of  its 
socket  and  reopened  before  the  inspector  can  determine  whether  it  has  been  refilled. 
It  is  no  easy  job  to  take  an  Economy  fuse  apart,  after  it  has  been  refilled  once  or  twice, 
without  special  tools. 

The  inspector  will  know,  however,  before  he  starts  that  an  Economy  fuse  has  pre- 
sumably been  refilled,  because  it  is  sent  out  to  be  refilled  by  the  user  for  dozens  of 
times.  The  inspector  can  not,  however,  determine  whether  the  refilling  was  proper 
without  taking  the  fuse  apart,  carefully  examining  the  interior  of  the  tube  to  deter- 
mine the  extent  of  its  carbonization,  and  even  then  he  will  not  know  whether  the  end 
fastenings  have  been  strained  so  that  they  will  readily  leak  fire.  In  short,  for  the  ap- 
proved fuse  the  inspector  has  in  practice  either  the  certificate  of  proper  refilling,  or 
original  make  of  an  approved  manufacturer,  or  else  can  readily  see  that  the  user  has 
been  refilling  and  can  order  the  fuses  out.  As  to  the  Economy  fuse,  the  inspector 
knows  it  is  a  home-made  production  and  must  act  himself  as  an  expert  fuse  maker  to 
determine  whether  the  refilling  is  proper. 

11.  Testing  of  Fuses  by  Underwriters  Absurdif  Refilling  by  User  is  Permitted. — If  fuses 
readil)-  refillable  by  the  user  are  to  be  approved,  the  testing  and  approval  of  fuses  by 
the  Underwriters'  Laboratories  is  an  absurdity.  The  Economy  company  states  that 
the  inspector  can  readily  determine  whether  their  fuses  are  properlv  refilled.  This 
is  an  admission  of  the  whole  case.  In  the  present  arrangement  most  elaborate  rules 
as  to  the  construction  of  fuses  can  be  made.  The  fuses  of  each  manufacturer  can  be 
subjected  to  repeated  severe  tests  and  improved  until  they  are  perfect,  within  the 
limits  of  human  error.  The  label  of  the  manufacturer  is  then  a  sufficient  guide  for  all 
except  a  fraudulent  refilling. 

If,  however,  the  user  is  to  be  permitted  to  refill  the  fuses,  then  it  is  impossbile  to  tell 
whether  the  fuse  is  properly  refilled  or  not  except  by  an  examination  of  each  fuse. 
For  the  examination  of  the  Underwriters'  Laboratories  there  is  to  be  substituted  the 
supervision  of  the  individual  inspector  as  to  the  condition  of  the  fuses  the  particular 
day  he  happens  to  be  there.  The  manufacturers  of  approved  fuses  have  paid  large 
amounts  to  the  testing  laboratories  of  the  Unden\Titers  for  testing,  because  they  rec- 
ognize the  value  of  having  careful  tests  made  by  an  impartial  body  as  a  preliminary 
to  approval.  The  manufacturers  of  approved  fuses  will  certainly  have  no  occasion  to 
submit  or  pay  for  tests  on  their  fuses,  as  they  leave  the  factory,  when  the  actual  fire 
hazard  of  the  fuse  depends  solely  on  how  good  a  fuse  maker  happens  to  be  in  each 
building  insured,  and  whether  his  employer  is  more  anxious  to  have  a  small  fuse  bill 
than  to  keep  down  the  Undenvriters'  loss. 

In  1904,  when  tlie  Underwriters  called  the  approved  manufacturers  together  and 
worked  out  the  N.  E.  code  standard  fuses  and  prescribed  dimensions,  construction, 
and  test  requirements,  they  began  one  of  the  greatest  advances  in  the  interests  of 
public  safety  that  has  been  accomplished  in  the  electrical  art.  This  was  possible  only 
through  the  cooperation  of  the  manufacturers  and  their  continued  good  faith  with 
the  LTnderwriters.  The  manufacturers  have  steadfastly  refused  to  market  refillable 
fuses  or  any  lower  grade  of  fuse  than  the  type  duly  submitted  and  approved.     This 
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great  advance  will  be  entirely  lost  if  refiUable  fuses  of  the  Economy  type  are  approved, 
for  what  possible  interest  or  responsibility  can  the  manufacturer  have  in  his  fuses  after 
they  have  been  refilled  at  places  and  by  persons  to  him  unknown,  which  may  occior 
a  few  hours  after  leaving  his  hands?  The  consequent  withdrawal  of  fuses  from  the 
Underwriters'  Laboratories  by  the  manufacturers,  which  is  the  logical  restiltof  approval 
of  refillables,  is  bound  to  be  followed  by  withdrawal  of  other  lines,  with  a  diminishing 
of  the  moral  effect  of  Underwriters'  approval  all  around.  It  ^\'ill  be  but  a  short  time 
before  "Safety  last"  will  be  the  electrical-trade  slogan. 

12.  Summary. — In  the  foregoing  pages  we  have  given  the  Bureau  of  Standards  the 
benefit  of  our  experience  in  regard  to  the  fire  hazard  from  refiUable  fuses  and  the 
reasons  why  we  consider  the  underwriters  should  never  approve  a  fuse  which  can 
readily  be  refilled  by  the  user. 

We  believe: 

(i)  That  an  electric  fuse  constitutes  a  grave  fire  hazard  unless  properly  made. 

(2)  That  owing  to  the  millions  of  fuses  used  the  matter  is  of  such  great  importance 
that  no  fuses  should  be  approved  except  such  as  have  been  carefully  tested  by  the 
Underwriters'  Laboratories  as  to  design  and  efficiency  when  properly  made  and  which 
bear  a  label  of  some  maker  or  refiller  responsible  for  the  making  or  refilling  of  the  fuse. 

(3)  That  the  approval  of  a  fuse  arranged  to  be  readily  refilled  b)-  the  user  is  in  sub- 
stance a  waiver  of  all  precautions  with  regard  to  fuses,  because  no  fuse  bears  any 
certificate  as  to  its  efficiency,  and  the  individual  inspectors  are  given  the  duty  of 
passing  upon  all  fuses.  Accordingly  we  think  no  refiUable  fuse  should  be  approved 
by  the  Under\%Titers. 

(4)  Even  if  any  refiUable  fuse  is  to  be  approved,  however,  the  Economy  fuse  should 
not  be  approved. 

First.  Because  it  is  badly  designed,  in  that  it  has  no  arc-choking  material  and, 
consequently,  will  occasionally  hold  an  arc,  the  greatest  fault  in  any  fuse,  and  will 
often  explode  or  flash. 

Second.  Because  it  is  so  expensive  that  it  must  be  refilled  many  times  and  is  certain 
to  be  used  until  it  has  actually  burned  up. 

The  Bureau  is  asked  by  the  Economy  Fuse  &  Manufacturing  Co.  to  find  that  a  con- 
struction which  omits  an  arc-choking  material  and  is  intended  to  be  burned  up  has 
proved  that  it  is  no  more  dangerous  than  the  approved  tj-pe  of  fuses,  which,  in  most 
cases,  is  not  refiUable  at  all  and  in  all  cases  is  designed  to  be  refilled  only  by  a  maker 
responsible  for  results,  and  which  is  other^vise  refilled  only  by  an  impropriety  for 
which  the  Underwriters  should  cancel  the  insurance. 

(Signed)  Guy  Cunningham, 

S^  State  Street,  Boston,  Mass. 

(For  D.  &  W.  Fuse  Co.,  Chase-Shawmut  Co.,  and  other  approved  fuse  manufacturers.) 

V.  LABORATORY  TESTS  OF  FUSES 
INTRODUCTION 

Three  extended  series  of  fuse  tests  were  carried  out  by  the 
Biu-eau  of  Standards  under  short-circuit  conditions  of  widely  vary- 
ing degrees  of  severity.  The  first  of  these  series  of  tests  was  made 
at  the  laboratories  of  the  Btireau  of  Standards;  the  second  was 
made  at  one  of  the  power  plants  of  the  Boston  Edison  Co.  in 
Boston;  and  the  third  was  made  in  a  plant  of  the  Commonwealth 
Edison  Co.,  of  Chicago.     In  these  tests  the  performance  of  the 
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Economy  fuse  was  compared  with  that  of  six  makes  of  approved 
cartridge  fuses. 

I .  Interpretation  of  Results  of  Tests.— In  these  tests  the  perform- 
ance of  the  fuses  was  judged  by  the  proportion  of  failures  in  a 
given  number  of  each  type  tested,  and  also  by  the  character  of  the 
failure  that  occurred.  In  interpreting  the  results  six  types  of 
fuse  failures  were  recognized,  as  follows:  (a)  Rupture  of  fiber 
cartridge;  (b)  blowing  off  of  cap  or  blowing  out  of  end ;  (c)  mechan- 
ical injury  to  cut-out;  (d)  ignition  of  cotton  placed  around  the 
fuse;  (e)  holding  of  the  arc  for  an  appreciable  length  of  time; 
(/)  remaking  of  the  circuit  after  it  had  once  been  opened  by  the 
fuse.  Such  phenomena  as  loud  report,  failm-e  to  indicate,  exces- 
sive scattering  of  filler,  movement  of  the  caps,  scorching  of  cotton 
without  ignition,  while  recognized  as  objectionable,  have  not  been 
regarded  as  evidence  of  failm-e  in  the  performance  of  the  fuses. 
A  very  violent  report,  however,  has  been  considered  a  serious 
objection,  because  of  the  possibilities  of  panics  following  such 
violent  operation  of  the  fuses.  It  is  also  recognized  that  certain  of 
the  types  of  failures  listed  above  are  much  more  serious  than  others, 
and  due  consideration  has  been  given  to  this  point  in  judging  the 
relative  performance  of  the  fuses. 

In  the  record  of  the  tests  presented  in  the  tables  which  follow, 
the  performance  of  the  fuse  is  described  by  the  loudness  of  the 
report,  brightness  of  the  flash,  effect  on  cotton,  and  by  comments 
covering  any  special  features  of  the  fuse  performance.  Five 
degrees  of  intensity  are  recognized  in  the  report  accompanying  the 
fuse  blowing,  they  being  listed  as  none,  very  mild,  mild,  loud,  and 
violent,  in  the  order  of  their  severity.  In  regard  to  the  flash  four 
degrees  of  intensity  are  recognized;  namely,  very  mild,  indicating 
a  flash  not  observed  directly  but  described  from  its  effect  on  cotton, 
when  the  flash  was  hidden  by  cotton  or  asbestos;  mild,  a  visible 
flash  of  slight  intensity;  medium,  a  fairly  bright  flash,  but  riot 
unpleasant  to  observe;  and  a  brilliant  flash,  hard  on  the  eyes. 
The  effect  on  cotton  is  described  as  follows :  (i)  Blown  off,  cotton 
blown  away  from  the  fuse  by  the  force  of  the  explosion ;  (2)  sUghtly 
darkened,  a  dark  discoloration  of  part  of  the  stu-face  of  the  cotton; 
(3)  blackened,  a  definite  blackening  of  a  considerable  part  of  the 
cotton;  (4)  scorched,  a  charring  of  the  cotton  due  to  the  passage 
of  a  flame  through  it  but  not  causing  it  to  flame  or  smolder; 
(5)  ignited,  cotton  smoldering  or  bm-ning  with  a  flame. 
42812°— 16 7 
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2.  Equipment  Used  in  Tests. — ^The  same  type  of  testing  equip- 
ment was  used  in  all  tests.  Current  was  supplied  from  storage 
batteries  and  wattmeters  were  used  ballistically  to  measure  the 
energ>'  absorbed  by  the  fuse  when  blown.  In  many  cases  also  a 
General  Electric  3-vibrator  oscillograph  was  used  by  which  oscillo- 
grams were  taken  recording  current,  voltage,  and  time  charac- 
teristics of  the  fuse  at  the  time  of  short  circuiting.  Complete 
details  of  operation  will  be  given  in  the  description  of  the  various 
tests.  The  wattmeters  were  caUbrated  ballistically  before  use  by 
maintaining  a  measured  current  in  the  current  coils  and  discharging 
a  condenser  through  the  voltage  coils.  Voltage  and  current  cali- 
brations were  also  made  on  the  oscillographs  and  time  was  recorded 
on  the  films  by  the  use  of  a  6o-cycle  alternating  current  actuating 
one  of  the  vibrators. 

The  fuses  used  in  all  tests  were  taken  in  part  from  Bureau  of 
Standards  stock,  part  from  local  jobbers  and  users  of  fuses,  and 
the  remainder  directly  from  the  manufacturers.  The  Economy 
fuse  cartridges  were  in  some  cases  refilled  many  times  to  determine 
the  deterioration,  if  any,  due  to  short  circuiting. 

TESTS  AT  BUREAU  OF  STANDARDS 

I .  Conditions  of  the  Tests. — ^The  first  series  of  tests  was  made  in 
the  laboratories  of  the  Bvu-eau  of  Standards  under  Y&ry  mild 
short-circuit  conditions.  The  Umiting  current  in  these  tests  was 
from  400  to  800  amperes.  The  fuses  tested  under  these  conditions 
were  all  in  the  30-ampere  2 50- volt  cartridge,  although  in  many 
cases  the  30-ampere  cartridges  contained  10  and  20  ampere  ele- 
ments. 

The  purpose  of  these  tests  was  to  obtain  data  upon  which  could 
be  based  a  fair  estimate  of  the  relative  fire  and  accident  hazard 
inciured  by  the  blowing  of  small  ferrule-type  fuses  with  small 
limiting  currents  such  as  would  be  encountered  in  the  majority 
of  cases  in  practice,  particularly  where  the  supply  is  through  small 
transformers.  The  source  of  energy  was  a  250-volt  storage  bat- 
tery with  an  8-hour  rating  of  50  amperes  connected  by  heavy 
conductors  to  the  test  table  in  an  adjoining  room.  The  circuit 
was  in  most  cases  practically  noninductive  and  gave  on  short 
circuit  about  800  amperes.  A  300-ampere  wattmeter  used  bal- 
hstically  measured  the  energy  taken  by  the  fuses  while  blowing. 
The  fuse,  after  being  placed  in  the  cut-out  and  covered  by  cotton 
and  asbestos  board,  was  blo\\Ti  by  closing  the  circuit  with  a  large 
knife  switch.     The  data  recorded  include  the  ballistic  swing  of 
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the  wattmeter,  the  noise,  the  flash,  and  any  special  phenomena 
accompanying  the  operation  of  the  fuse.  In  Table  2  below,  giving 
the  results  of  these  tests,  it  will  be  noted  that  each  line  is  a  sum- 
mary of  the  results  obtained  by  blowing  about  20  fuses.  The 
remarks  Hsted  comprise  composite  statements  covering  the  general 
average  performance  of  the  fuses  with  the  exception  of  the  cases 
of  ignition,  the  number  of  which  are  noted. 

2.  Tests  on  Nonindnctive  Circuit. — Throughout  the  entire  series 
of  tests  in  the  noninductive  circuits  no  mechanical  failures  were 
developed,  but  in  a  considerable  number  of  cases  ignition  of  cotton 
occurred  with  approved  fuses.  With  fuse  No.  Ill  ignition  occurred 
at  least  once  with  every  limiting  current,  and  with  each  size  of 
fuse  up  to  and  including  30  amperes.  The  No.  VI  fuses  of 
2o-ampere  rating  ignited  cotton  in  some  instances  at  the  two 
lower  limiting  currents.  All  ignitions  with  the  exception  of 
those  occurring  with  No.  VI  fuse  apparently  resulted  from  the 
blowing  of  the  indicator.  With  respect  to  general  operation  the 
Economy  fuse  performed  most  satisfactorily.  One  make  of 
approved  fuse,  designated  as  No.  V,  seemed  very  erratic  in  opera- 
tion, at  times  showing  remarkably  good  performance  and  at  other 
times  a  very  inferior  one. 

TABLE  2 

Direct-Current  Fuse  Tests  at  Bureau  of  Standards,  Noninductive  Circuit 

30-AMPERE,  250-VOLT 
I.  Limiting  Current  800  Amperes 


Make 

Num- 
ber 
test- 
ed 

Watt-second 

Report 

Average  results 

Max. 

Min. 

Av. 

Flash 

Effect  on  cotton 

vn 

19 
20 
20 
20 
19 

400 
1696 
504 
6S4 
168 

256 

528 
352 
176 
144 

328 
726 
391 
234 
154 

MUd 

Medium.. 

Mild 

Very  mild. 
Mild 

Very  mild. 

Medium.. 

MUd 

...do 

...do 

Slightly  darkened. 

IV 

m 

Scorched;  three  ignited. 

VI 

None,  or  slightly  darkened. 

2.  Limiting  Current  600  Amperes 


vn 

IV 

m 

VI 

Economy.. 


20 
19 
20 
20 
20 

408 
904 
400 
448 
128 

222 
112 
264 
112 
88 

290 
567 
321 

173 
102 

None 

MUd 

Very  mUd. 

MUd 

do. 

MUd 

...do 

..  do 

..  do. 

Slightly  darkened. 

Scorched. 

Scorched;  three  ignited. 

Scorched  at  indicator. 

Slightly  darkened. 


3 

.  Limiting  Current  400  Amperes 

vn 

20 
20 
20 
20 
20 

304 
1120 
418 
408 
192 

0 

48 

248 

112 

36 

252 
570 
324 
208 
94 

None 

MUd 

...do 

...do 

do 

None 

Medium.. 

MUd 

...do 

do 

rv 

m 

Scorched;  three  ignited. 

VI 

Economy 

None,  or  slightly  darkened. 
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TABLE  2— Continued 
Diiect-Cuirent  Fuse  Tests  at  Bureau  of  Standards,  Noninductive  Circuit — Continued 


20-AMPERE,  250-VOLT 
1.  Limiting  Current  800  Amperes 


Make 

Num- 
ber 

test- 
ed 

Watt-second 

Report 

Average  results 

Max. 

Min. 

Av. 

Flasb 

Effect  on  cotton 

vn         

20 
20 
20 
20 
25 

264 
2304 
304 
544 
192 

128 
440 
184 
112 
144 

182 
773 
238 
242 
167 

Mild 

Medium.. 

None 

Very  mild . 
Mild. 

None 

Medium.. 

Mild 

...do 

do    . 

rv 

m 

Scorched;  one  ignited. 

VI 

£coaomy 

None,  or  slightly  darkened. 

2.  Limiting  Current  600  Amperes 


vn 

rv 

m.. 

VI 

Economy 


20 

40S 

324 

290 

20 

1384 

64 

726 

20 

544 

184 

261 

20 

288 

80 

139 

20 

176 

96 

125 

None 

Medium.. 

Mild 

Very  mild. 
MUd 


Very  mild. 
Medium.. 

Mild 

..do 

..do 


Slightly  darkened. 

Scorched. 

Scorched;  four  Ignited. 

Scorched;  one  ignited. 

None,  or  slightly  darkened. 


3.  Limiting  Current  400  Amperes 


vn 

rv 

in 

VI 

Economy 


20 

240 

112 

166 

20 

1008 

40 

492 

20 

304 

128 

222 

20 

408 

48 

170 

20 

310 

80 

133 

Very  mild. 

Mild 

Very  mild. 

Mild 

..do 


None 
Mild. 
...do., 
...do. 
...do.. 


None. 

Scorched  and  blown  off. 
Scorched;  three  ignited. 
Scorched;  one  ignited. 
Slightly  darkened. 


10-AMPERE,  250-VOLT 
1.  Limiting  Current  800  Amperes 


vn 

rv 

m 

VI 

Economy 
V 


20 

48 

32 

42 

20 

112 

80 

96 

20 

144 

112 

132 

20 

80 

48 

63 

19 

128 

88 

102 

34 

1344 

144 

736 

Mild Mild.., 

..do ...do 

None !-  ..do 

Very  mild.'. .  .do 

Mild ...do.... 

Medium..!  Bright. 


Blackened. 

Scorched. 

Scorched;  one  ignited. 

Scorched  at  indicator. 

None. 

Scorched  or  blackened. 


2.  Limiting  Current  600  Amperes 


vn 

IV 

in 

VI 

Economy 


20 

64 

16 

29 

20 

104 

64 

70 

20 

144 

64 

87 

20 

48 

24 

32 

20 

144 

48 

90 

MUd 

..do 

..do 

Very  mild. 
MUd 


MUd. 
...do.. 
...do.. 
...do.. 
...do.. 


Slightly  darkened. 
Slightly  scorched. 
Scorched;  three  ignited. 
Scorched  at  indicator. 
None,  or  slightly  darkened. 


3.  Limiting  Current  400  Amperes 


vn 

19 
20 
20 
20 
20 

24 
1024 
96 
32 
128 

8 
32 
32 
24 
64 

18 
97 
52 
24 
90 

MUd 

...do 

None 

MUd 

MUd 

...do 

...do . 

..do 

IV 

Scorched  and  blown  off. 

m 

Scorched;  six  ignited. 

VI 

Economy 

...do 

...do 

Slightly  darkened. 

The  values  of  energy  recorded  were  obtained  with  the  watt- 
meter used  baUistically,  as  described  above.  With  the  exception 
of  a  very  few  instances,  the  measured  amount  of  energy  on  non- 
inductive  circuits  was  consistently  uniform,  increasing  with  an 
increase  in  rating  or  limiting  current  value.     In  the  case  of  the 
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largest  size  fuse  element  in  the  30-ampere  cartridge  the  energy 
taken  by  the  Economy  fuse  is  markedly  less  than  in  the  case  of 
the  other  fuses.  It  is  a  very  interesting  fact,  which  may  be  noted 
here,  that  in  all  approved  fuses  tested,  with  possibly  one  exception, 
there  was  a  much  higher  percentage  of  cases  of  ignition  of  cotton 
on  these  very  low-limiting  currents  than  occurred  in  the  later 
tests  made  in  Boston  and  Chicago,  where  the  limiting  current  was 
from  10  to  12  times  as  large.  In  all  other  respects,  however,  the 
fuse  performance  on  these  low-limiting  cturents  was  much  milder 
than  that  observed  under  the  more  severe  short-circuit  conditions. 
The  difference  in  the  effect  on  cotton  is  possibly  explainable  on 
two  grounds :  First,  that  under  the  more  severe  short-circuit  con- 
ditions, the  explosion  being  more  energetic,  the  rush  of  air  may 
cause  the  cotton  to  move  away  from  those  portions  of  the  cartridge 
from  which  the  flame  would  come  an  instant  later;  and  second,  it 
was  noted  that  when  the  fuses  were  blown  under  the  mild  short- 
circuit  conditions  the  fuses  were  in  general  comparatively  dry 
immediately  after  being  blown.  When,  however,  the  fuses  were 
blown  under  severe  short-circuit  conditions,  those  fuses  having 
powdered  filler  were  more  or  less  wet  on  the  outside,  due  to  the 
fact  that  the  high  temperature  developed  inside  the  fuse  had 
liberated  large  amounts  of  water  of  crystallization  from  the  filler, 
and  this  would  naturally  tend  to  prevent  ignition  or  extinguish 
any  flame.  In  fact,  this  is  one  of  the  useful  functions  of  the  pow- 
dered filler  in  many,  if  not  all,  approved  fuses.  This  latter  expla- 
nation is  strongly  supported  by  the  fact  that  the  Economy  fuse, 
which  contains  no  filler,  gave  a  very  satisfactory  performance 
with  no  ignition  of  cotton  under  the  low-limiting  current,  but  gave 
a  relatively  poor  performance  when  the  limiting  currents  were 
large. 

3.  Tests  on  Indvictive  Circuit. — Although  not  specified  in  the 
National  Electrical  Code,  the  influence  of  a  series  inductance  upon 
the  performance  of  fuses  on  short  circuit  was  found  to  be  very 
great.  A  few  tests  with  a  highly  inductive  circuit  were  made 
with  low-limiting  currents  at  the  Bureau  of  Standards,  and  in 
some  later  tests  at  Boston  with  heavy  limiting  currents  circuits 
having  several  different  values  of  inductance  were  used.  In  the 
tests  at  the  Bureau  the  limiting  current  was  approximately  800 
amperes,  with  an  added  inductance  of  0.004  henry,  which  is  equiva- 
lent to  about  1.5  ohms  at  60  cycles.  The  inductance  consisted  of 
a  large  coil  of  insulated  conductor  of  large  cross  section  wound 
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around  a  straight  laminated  iron  core  so  proportioned  as  to  insure 
against  saturation. 

A  comparison  at  the  Bureau  of  Economy  fuoes  with  approved 
fuses  under  these  conditions  gave  very  different  results  from  those 
obtained  on  a  noninductive  circuit.  Wliereas  in  the  former  case 
the  Economy  fuses  behaved  as  well  as  any  of  the  approved  fuses 
and  somewhat  better  than  certain  of  the  latter,  when  tested  on  a 
circuit  of  high  inductance  the  Economy  fuse  was  decidedly  in- 
ferior to  all  of  the  approved  fuses.  One  make  of  approved  fuse 
gave  perfect  operation  in  every  case;  three  makes  gave  somewhat 
inferior  performance  to  that  on  noninductive  circuit,  but  never- 
theless the  results  were  on  the  whole  quite  satisfactory.  The 
Economy  fuses,  however,  behaved  very  badly  on  inductive  cir- 
cuits, and  some  exploded  with  very  violent  reports.  From  these 
tests  it  is  clear  that  the  violence  of  the  fuse  operation  is  much 
greater  on  inductive  circuits  than  on  noninductive  circuits,  and, 
what  is  of  particular  interest  here,  the  deleterious  effect  of  induct- 
ance is  much  greater  in  the  Economy  fuse  than  it  is  in  the  case  of 
fuses  of  the  approved  type.  The  explanation  for  this  is  probably 
the  same  as  that  given  above  for  the  effect  of  very  heavy  short- 
circuit  current. 

4.  Summary  of  Results  of  Tests  on  Low-Limiting  Currents. — In 
general,  the  results  under  these  very  mild  short-circuit  conditions 
were  favorable  to  the  Economy  fuse  except  where  relatively  high 
inductance  existed  in  the  circuit.  It  was  found  that  the  energy 
consumption  of  the  Economy  fuse  was  in  general  much  smaller 
than  that  of  approved  fuses,  indicating  a  quicker  operation,  which 
was  later  verified  under  more  severe  short-circuit  conditions  by 
means  of  oscillograms.  On  circuits  of  high  inductance,  however, 
on  which  the  ratio  of  the  60-cycle  reactance  to  the  resistance  was 
between  3  and  5  to  i,  the  performance  of  the  Economy  fuse  was 
quite  unsatisfactory,  even  on  these  small  limiting  currents,  a  con- 
siderable proportion  of  the  cartridges  being  exploded  in  the  test. 
In  the  case  of  direct-current  circuits,  in  which  motors  and  mag- 
netic coils  and  simlar  inductive  apparatus  are  used,  and  also  in 
case  of  supply  lines  run  in  separate  iron  conduits,  as  is  sometimes 
done,  these  high  inductances  might  often  be  encotmtered  in 
practice,  so  that  the  failures  of  the  Economy  fuses  on  these  mild 
short-circuit  tests  might  very  reasonably  be  taken  as  an  index  to 
their  performance  in  many  cases  under  service  conditions. 
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TESTS  ON  250-VOLT  FUSES  IN  BOSTON,  MASS. 

A  second  series  of  tests  made  by  the  Bureau  of  Standards  was 
carried  out  at  one  of  the  plants  of  the  Edison  Electric  Illuminating 
Co.,  of  Boston,  these  tests  being  made  on  250-volt  fuses  imder  the 
short-circuit  conditions  prescribed  by  Underwriters'  Laboratories. 
In  these  tests  the  performance  of  the  Economy  fuses  was  com- 
pared with  that  of  six  different  makes  of  approved  fuses. 

1.  Circuit  Conditions  During  Tests. — ^These  tests  were  made 
imder  three  different  circuit  conditions,  in  the  first  two  of  which 
the  limiting  cm-rent  was  about  10  000  amperes,  the  difference  being 
that  imder  the  first  circuit  condition  the  inductance  of  the  circuit 
was  0.186  millihenry,  whereas  in  the  second  circuit  condition  it 
was  reduced  to  a  minimum  value  by  placing  the  leads  as  close 
together  as  practicable,  the  inductance  in  this  case  being  o.  1 1  mil- 
lihenry. In  the  third  circuit  condition  the  limiting  current  was 
reduced  to  about  5500  amperes,  the  circuit  having  an  inductance 
of  0.166  millihenry.  In  these  three  series  of  tests  all  fuses  were 
tested  with  only  a  single  fuse  of  250-volt  rating  in  the  circuit.  A 
series  of  tests  was  also  made  under  the  second  circuit  condition 
mentioned  above  in  which  two  fuses  were  placed  in  series  on  250 
volts.  These  tests  were  made  because  of  the  fact  that  in  actual 
practice  the  great  majority  of  fuses  which  blow  on  short  circuit 
operate  with  two  fuses  in  series.  In  this  series  all  fuses,  including 
the  Economy  fuse,  behaved  in  a  perfectly  satisfactory  manner. 

2.  Rating  of  Fuses. — Prior  to  the  tests  the  fuses  of  all  the  dif- 
ferent sizes  and  makes,  of  the  combined  manufacturers'  and  job- 
bers' stocks,  were  sampled  and  a  representative  number  taken  at 
random  for  rating.  These  were  rated  in  the  laboratory  of  the  Edi- 
son Electric  Illuminating  Co.,  of  Boston,  the  different  makes  being 
rated  under  identical  conditions  closely  approximating  those  em- 
ployed by  the  Underwriters'  Laboratories.  In  these  tests,  which 
were  made  with  currents  exceeding  the  rated  currents  given  on 
the  cartridge  labels  by  10  per  cent,  a  portion  of  both  approved 
and  Economy  fuses  failed. 

The  fuse  failures  on  rating  tests  are  listed  in  Table  3.  Each  line 
represents  a  particular  fuse  failure  under  the  conditions  indicated 
at  the  heads  of  the  columns.  The  first  tliree  headings  are  self- 
explanatory.  The  fourth  column  headed,  "  Minutes  before  blow- 
ing," indicates  the  length  of  time  the  fuse  was  subjected  to  the 
ctirrent  flow  before  opening  the  circuit.  Copper-constantan  ther- 
mocouples were  utilized  to  obtain  the  temperature  variations  at 
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the  surface  of  the  liber  shells  of  the  fuses,  they  bemg  placed,  in 
general,  upon  alternate  fuses  in  a  group  under  test.  Approxi- 
mately 58  per  cent  of  fuse  failures  occurred  with  no  thermo- 
couples present.  The  voltage  of  the  source  of  energy  supply  is 
given  in  the  next  column,  the  higher  value  indicating  that  the 
commercial  lighting  mains  were  used  and  the  lower  values  indi- 
cating that  low-voltage  storage  batteries  were  used.  Room  tem- 
peratures in  the  following  column  were  given  to  show  that  normal 
conditions  existed.  One  30-ampere,  make  II  fuse  heated  exces- 
sively and  gave  off  smoke  before  failure.  The  loo-ampere  make 
IV  fuse  failed  to  maintain  the  circuit  until  the  temperature  be- 
came constant.  In  general,  however,  so  long  a  time  was  required 
for  failure,  being  in  most  cases  from  one  to  three  hours,  that  the 
performance  of  the  fuses  was  considered  satisfactory,  particu- 
larly since  a  large  proportion  did  not  faU  at  all,  so  that  the  short- 
circuit  tests  were  proceeded  with. 

In  the  summary  sheet.  Table  4,  a  comparison  of  the  approved 
fuses  as  a  whole  with  those  of  the  Economiv  company  shows  but 
a  slight  difference  in  percentage  of  failvu-es. 

3.  Results  of  Short-Circuit  Tests  on  250-Volt  Fuses. — The  re- 
sults of  the  short-circuit  tests  are  presented  in  Table  5  below,  and 
a  summary'  is  given  in  Table  6.  In  addition  to  these  tables  refer- 
ence is  made  to  the  oscillograms  reproduced  herewith,  which  will 
be  discussed  later.  Referring  to  the  summarizing  Table  6,  the 
first  column  gives  the  make  of  fuse,  which  in  all  except  the  Econ- 
omy fuse  is  referred  to  by  number  only;  tlae  second  column  gives 
the  circuit  condition  described  above,  and  also  in  the  footnote 
accompanying  the  table.  The  third  column,  headed  "failure," 
shows  in  the  vertical  columns  the  type  of  the  failure.  A,  B,  C,  etc., 
listed  above,  and  the  horizontal  rows  give  the  number  of  each 
type  of  failure  under  each  circuit  condition.  The  fourth  column 
gives  the  total  number  of  each  make  of  fuse  tested  under  each 
circuit  condition.  The  next  column  gives  the  per  cent  of  each 
make  of  fuse  which  failed  under  each  circuit  condition,  and  the 
last  column  gives  the  "percentage  of  failures."  A  distinction  is 
here  made  between  "per  cent  failed"  and  "per  cent  of  failures," 
the  former  meaning  the  percentage  of  the  number  of  fuses  tested 
which  actually  developed  some  form  of  failure.  In  many  cases, 
however,  a  single  fuse  developed  two  or  more  types  of  failure,  all 
of  which  are  charged  against  the  fuse,  and  the  sum  of  all  such 
failures  constitutes  the  number  of  "failures"  used  in  determining 
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the  percentage  in  the  last  column.  Owing  to  the  fact  that  in 
some  cases  a  single  fuse  developed  two  or  more  types  of  failure,  it 
will  be  seen  from  the  last  column  that  the  percentage  of  failures 
frequently  exceeds  100  per  cent.  In  these  tables,  imder  the  col 
umn  headed  "failure,"  the  spaces  designated  by  "o"  indicate 
tliat  fuses  were  tested  under  this  condition  but  no  failures  resulted 
thereunder.  For  example,  referring  to  Table  6,  which  summarizes 
the  results  on  the  ferrule  types  of  fuses,  it  will  be  seen  that  with 
fuse  number  I  there  were  no  failures  throughout  the  entire  series 
of  tests,  although  10  were  tested  imder  the  first-circuit  condition 
and  4  under  the  second-circuit  condition.  With  fuse  number  II 
15  were  tested  imder  the  first-circuit  condition  and  7  imder  the 
second-circuit  condition.  Referring  to  the  column  headed  "fail- 
ure," it  will  be  seen  that  of  the  15  tested  imder  the  first-circuit 
condition  there  were  no  failures  of  the  A  type,  namely,  explosion 
of  the  cartridge,  whereas  there  were  failures  of  the  B  type,  namely, 
blowing  off  of  cap  or  blowing  out  of  end;  7  failures  of  the  C  type, 
and  7  of  the  D  type,  making  a  total  of  26  failures  in  all.  The  per 
cent  column  shows  that  100  per  cent  of  the  fuses  tested  failed; 
and  owing  to  the  fact  that  there  were  26  failures  of  all  types,  the 
per  cent  of  failures  is  173.  Number  II  was  the  worst  of  the  ap- 
proved fuses,  and  it  will  also  be  seen  that  this  fuse  in  the  ferrule 
type  was  inferior  to  the  Economy  fuse,  which  ranked  second  in  the 
list.  Fuse  number  VI,  as  well  as  number  I,  developed  no  failures; 
and  numbers  III  and  IV  and  V  are  much  superior  to  either  num- 
ber II  or  the  Economy. 

Referring  to  the  second  half  of  Table  6,  which  summarizes  the 
tests  on  the  knife-blade  types  of  fuses,  it  will  be  seen  that  fuses 
numbers  I,  III,  IV,  and  VI  showed  no  failures  whatever.  Number 
II  showed  a  single  failure  of  the  D  type,  namely,  ignition  of 
cotton;  and  number  V  showed  one  similar  failure  on  the  first 
circuit  condition  and  another  on  the  second  circuit  condition. 
It  appears,  therefore,  that  the  approved  fuses  in  the  knife-blade 
sizes  gave  a  remarkably  good  performance.  The  Economy  fuse, 
however,  showed  a  large  number  of  failures,  38  per  cent  of  all  car- 
tridges blown  having  failed  under  the  first  circuit  condition  and 
33  per  cent  under  the  second  circuit  condition.  For  the  most  part 
these  failures  are  seen  to  be  of  the  D  type,  namely,  ignition  of 
cotton,  although  there  was  one  case  of  exploded  cartridge  and  two 
in  which  the  cap  blew  off,  giving  43  per  cent  of  failures  imder  the 
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first  circuit  condition  and  38  per  cent  under  the  second  circuit 
condition.  The  details  of  these  tests  can  best  be  had  by  an 
examination  of  Table  5. 

From  the  foregoing  discussion  it  will  be  seen  that  in  these  2  50- volt 
tests  imder  both  the  first  and  second  circuit  conditions  the  perform- 
ance of  the  Economy  fuses  in  the  knife-blade  types  was  in  all  cases 
decidedly  inferior  to  that  of  the  approved  fuses.  In  the  ferrule 
type  the  Economy  fuses  were  inferior  to  five  makes  of  the  approved 
fuses  and  definitely  superior  to  one  of  the  six  makes.  Under  the 
third  circuit  condition,  in  which  the  limiting  current  was  reduced 
to  about  5500  amperes,  the  tables  show  that  all  fuses,  including 
the  Economy,  behaved  in  a  satisfactory  manner,  except  that  in  a 
few  cases  the  blowing  of  one  of  the  approved  makes  of  fuses  was 
accompanied  by  rather  loud  reports.  A  few  fuses  were  blown 
with  two  in  series  on  250  volts.  These  are  not  put  in  separate 
tables,  but  are  designated  in  Table  5  by  the  letters  A  and  B. 
Where  two  fuses  are  blown  in  series,  they  are  lettered  consecu- 
tively, the  first  having  the  letter  A  prefixed  and  the  other  the 
letter  B ;  and  in  the  remarks  column  the  fuse  with  which  it  was  in 
series  is  explicitly  stated.  Thus,  for  example,  in  "Second-circuit 
condition  "  section  of  Table  5,  imder  D.  &  W.  fuses,  it  will  be  seen 
that  the  first  pair  of  fuses  designated  as  A  and  B  are  A-404  and 
B-405;  and  the  remarks  show  further  that  these  two  were  in 
series  with  each  other.  In  every  case,  both  with  the  approved 
fuses  and  Economy  fuses,  the  operation  was  entirely  satisfactory 
when  two  fuses  were  in  series. 
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Failure  of  2SO-Volt  Cartridge  Fuses  on  Rating  Test  at  Testing  Laboratories  of  tlie 
Edison  Electric  Illuminating  Co.  of  Boston 


Date 

Current 

Make  of 
fuse 

Minutes 
before 
blowing 

Thermo- 
couple 
on  fuse 

Voltage 
of  circuit 

Average 
tempera- 
ture oi 
room 

1915 
Sept.  7                   .... 

Amp. 

110 

110 

110 

220 

220 

220 

220 

33 

33 

33 

33 

33 

33 

33 

220 

33 

660 

660 

33 

440 

660 

660 

660 

660 

660 

660 

660 

110 

110 

110 

110 

110 

110 

110 

110 

220 

220 

220 

660 

660 

rv 

IV 

IV 

rv 

IV 

rv 

IV 

V 

V 

^::::::: 

IV 

rv 

n 

ni 

m 
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I 

Economy 

IV 

V 

V 

Economy 

V 

V 

Economy 
Economy 

IV 

IV 

IV 

IV 

IV 

IV 

IV 

rv 

IV 

IV 

rv 

VI 

VI 

78 

90 

100 

75 

85 

98 

195 

20 

35 

45 

95 

105 

145 

175 

215 

15 

75 

108 

145 

20 

120 

235 

365 

365 

400 

420 

425 

35 

60 

102 

107 

152 

157 

157 

157 

70 

125 

190 

95 

155 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

No 

No 

No 

No 

Yes 

Yes 

No 

No 

No 

No 

No 

Yes 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes 

110 

110 

110 

2 

2 

2 

2 

110 

110 

110 

110 

110 

110 

110 

110 

110 

4 

4 

110 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

110 

110 

no 
4 
4 

"F 
78 

78 

7      

78 

7                                      ... 

78 

7  

78 

7               

78 

7 

78 

8         

81 

8                      

81 

8 

81 

8         

81 

8           ...           

81 

8 

81 

8         

81 

8                                    

81 

8 

81 

8         

81 

8                                      

81 

8 

81 

8         

81 

9                                    

83 

9 

88 

9                      

88 

9                                         

83 

9         

88 

9           .   .               

88 

88 

9 

88 

88 

9 

88 

88 

9               .           

88 

88 

9     

88 

88 

9 

87 

87 

9                 

87 

87 

XO  

87 

TABLE  4 
Summary  of  2S0-Volt  Rating  Tests,  Boston,  Mass. 


Ampere  rating 

Performance 

Make  ol  fuse 

30 

100 

200 

400 

600 

Total 
failures 

Per  cent 
failures 

Economy               

6 
8 
11 
6 
8 
7 
6 

12 
17 
6 
6 
5 
8 
6 

6 
17 
6 
6 
6 
8 
5 

5 
7 
5 
6 
5 
6 
6 

4 
14 
5 
15 
7 
6 
8 

4 

21 

8 

2 

1 
2 
2 

12.1 

rv 

33.3 

V 

24.2 

VI         

5.1 

n  .. 

3.2 

m 

5.7 

I 

6.4 

Total  of  all  approved  fuses  failed,  36;  total  of  all  approved  fuses  rated,  232;  per  cent  failures  of  all  approved 
fuses,  15.5. 
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The  following  summaries  of  250-volt  fuse  short-circuit  test  fail- 
ures show  the  number  of  each  type  of  fuse  failure  which  occurred 
in  each  size  tested.     Six  main  divisions  of  failure  are  recognized: 
A  =  Injury  to  cartridge  fiber  shell. 
B  =  Blowing  oif  of  cap. 
C  =  Injury  to  cut-out. 
D  =  Ignition  of  cotton. 
E  =  Holding  or  sustaining  the  arc. 
F  =  Remaking  of  the  circuit. 
The  fuses  recorded  failed  under  one  of  the  two  circuit  condi- 
tions : 

First.  A  circuit  of  approximately  the  values  of  resistance  =  0.025 
ohm  and  reactance  (at  60  cycles)  =0.07  ohm. 

Second.  A  circuit  of  approximately  the  values  of  resistance  = 
0.025  ohm  and  reactance  (at  60  cycles)  =0.04  ohm. 

In  some  instances  fuses  developed  more  than  one  kind  of  failure, 
making  the  total  number  of  fuses  failed  less  than  the  number  of 
failures.  The  per  cent  of  failures  is  the  ratio  of  total  failures  to 
total  fuses  tested. 

The  spaces  designated  by  "o"  indicate  that  fuses  were  tested 
but  no  failures  resulted  under  that  division.  For  other  terms, 
see  explanation  accompanying  the  short-circuit  test  data. 

TABLE  6 
Suminary  of  Fuse  Short-Circuit  Tests,  Boston,  Mass.,  September,  1915 

(a)  FERRULE  TYPE  FUSES 


Make  of  fuse 

Circuit 
condition 

Failure 

Number 
tested 

Per  cent 
failed 

Per  cent 

A 

B 

c 

D 

E 

F 

of  failures 

No.  I      

First 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 

0 
0 
12 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
7 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
7 
3 
1 
0 
1 
0 
3 
0 
8 
1 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

s 

0 
0 
0 

10 
4 
15 
7 
7 
4 
8 
18 
13 
4 
22 
22 
16 
4 

0 

0 

100 

57 

14 
0 

12 
0 

23 
0 

45 
5 
0 
0 

0 

No.n 

Second 

First      

0 

173 

No.  Ill 

Second 

First 

•  143 
14 

No.  IV   

Second 

First 

0 

12 

No.  V 

Second 

0 

Economy  . 

Second 

First 

0 

73 

No.  VI 

Second 

First 

5 
0 

Second 

0 
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TABLE  6— Continued 
Summary  of  Fuse  Short-Clrcuit  Tests,  Boston,  Mass.,  September,  1915 — Continued 


(b)  KNIFE-BLADE  TYPE  FUSES 

Make  of  fuse 

Circuit 
condition 

Failure 

Number 
tested 

Per  cent 
failed 

Per  cent 

A 

B 

c 

D 

E 

F 

of  failures 

No.I    

First 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

1 

0 
0 
0 
0 

1 
1 

8 
14 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

27 
12 
10 
10 
23 
12 
15 
12 
26 
17 
21 
42 
29 
10 

0 
0 
0 
10 
0 
0 
0 
0 
4 
9 
38 
33 

I 

0 

No.  n 

Second 

First         

0 
0 

No.  ni            

Second 

First     

10 
0 

No.rv 

Second 

0 
0 

No.  V 

Second 

First           ..  - 

0 
4 

Economy 

No.  VI 

Second 

First 

9 
43 

Second 

as 

0 

Second 

0 

TESTS  ON  600-VOLT  FUSES  IN  CHICAGO,  ILL. 

The  third  series  of  fuse  tests  was  made  at  one  of  the  plants  of 
the  Commonwealth  Edison  Co.,  of  Chicago.  These  tests  were  for 
the  most  part  made  on  6oo-volt  fuses  with  a  single  fuse  only  in 
the  circuit. 

1.  Circuit  Conditions  During  Tests. — Two  separate  circuit  con- 
ditions were  used,  in  the  first  of  which  the  resistance  in  the  circuit 
varied  considerably  because  of  the  high  initial  resistance  of  the 
battery,  which  gradually  fell  off  as  the  test  proceeded.  This 
battery  had  stood  for  a  considerable  time  before  being  used,  and 
evidently  had  high  resistance  due  to  sulphation.  In  this  series 
the  limiting  current  varied  from  about  loooo  amperes  in  the 
beginning  to  approximately  15  000  amperes  at  the  end,  the  cir- 
cuit inductance  being  0.210  millihenry.  As  soon  as  this  rise  of 
current  was  observ'ed  from  the  oscillograph  records  the  resistance 
of  the  circuit  was  readjusted  to  give  a  limiting  current  of  10  000 
amperes,  and  it  remained  quite  constant  throughout  the  second 
series  of  tests.  This  change  in  the  resistance  also  changed  the 
inductance  of  the  circuit  to  0.277  millihenry. 

2.  Rating  of  Fuses. — Representative  samples  of  all  sizes  and 
makes  of  inclosed  fuses  were  selected  as  in  the  rating  test  at 
Boston  and  rated  under  standard  conditions  at  the  laboratory  of 
the  Commonwealth  Edison  Co.  These  rating  tests  were  partici- 
pated in  by  representatives  of  the  various  fuse  manufacturers. 

The  failures  on  rating  test  are  given  in  Table  7 ,  which  is  identical 
in  form  and  colunm  heading  with  that  giving  the  Boston  test  data. 


Report  on  Economy  Refillable  Fuses 


125 


Thermocouples  used  on  these  600-volt  fuses  occupied  a  relatively 
smaller  percentage  of  the  surface  of  the  fiber  shells,  but  were 
present  in  approximately  64  per  cent  of  fuse  failures.  Two  makes, 
the  VI  and  Economy  fuses,  did  not  have  a  single  failure  on  the 
rating  tests.  In  one  instance  two  60-ampere  make  V  fuses  which 
failed  were  foimd  to  be  stock  purchased  from  jobbers.  On  the 
fiber  shells  were  stamped  the  number  55,  which  had  been  made 
almost  imdecipherable  by  cutting  the  surface  of  the  fiber  away  at 
such  places.  Their  labels  read  60-ampere  rating.  Two  fuses  of 
the  same  make,  of  200-ampere  rating,  heated  excessively  under 
rating  test,  then  smoked,  charred,  and  finally  cracked  the  fiber 
shells  apart  at  the  centers.  Molten  fuse  elements  dropped  out 
through  these  cracks  upon  the  cut-out  base.  In  general,  a  con- 
siderable amoimt  of  time  elapsed  before  failures. 

TABLE  7 

Failure  of  600-Volt  Cartridge  Fuses  on  Rating  Test  at  Testing  Laboratories  of  the 
Commonwealth  Edison  Co.,  Chicago,  111. 


Date 

Current 

Make 
of  fuse 

Minutes 
before 
blowing 

Thermocouple  on  fuse 

Voltage 

of 
circuit 

Average 
tempera- 
ture of 
room 

1915 
Sept.  27 

Amp. 

33 

220 

220 

220 

220 

66 

66 

66 

66 

66 

220 

66 

66 

33 

440 

440 

220 

110 

33 

220 

33 

110 

I 
V 
V 
V 
V 
V 
V 

n 
u 
n 

I 

V 
V 
IV 

I 
I 

IV 

rv 
m 

IV 

m 

I 

IID 

63 

115 

170 

195 

50 

50 

30 

45 

70 

85 

15 

25 

15 

90 

127 

133 

135 

23 

116 

55 

95 

Yes 

110.0 
2.18 
2.18 
2.18 
2.18 
110.0 
110.0 
110.0 
110.0 
110.0 

2.  18 
110.0 
110.0 
110.0 
2.18 
2.18 
2.18 
110.0 
110.0 
2.18 
110.0 
110.0 

°^^<^ 

28 

No  

77.0 

28                   

Yes 

77.0 

Yes   

77.0 

28 

28                            

No 

Yes 

Yes   

77.0 
77.0 

77.0 

28 

28 

No          

80.5 

No                        

81.0 

Yes  

81.0 

Yes        

81.0 

28 

Yes                   

84.0 

28 

Yes     

84.0 

29         

Yes 

79.5 

29 

Yes 

86.0 

29 

No  

86.0 

30 

Yes          

80.0 

No 

78.5 

Yes     

78.5 

30 

Yes 

81.0 

No 

•82.0 

30 

No  

84.0 

In  the  summary  sheet,  Table  8,  the  precentage  of  failures  of  the 
approved  fuses  as  a  group  is  shown  to  be  but  slightly  greater  than 
experienced  in  the  250-volt  rating  tests.  In  both  series  of  tests 
contact  troubles  at  ferrules  and  knife  blades,  because  of  the  poor 
alignment  of  the  clips  on  the  new  cut-outs  used,  tended  to  increase 
the  percentage  of  fuse  failures.  With  the  exception  of  a  single 
make  of  approved  fuse  the  performance  on  rating  was  considered 
sufficiently  good  to  justify  proceeding  with  the  short-circuit 
tests. 
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TABLE  8 
Summary  of  600- Volt  Fuse  Rating  Tests  at  Chicago,  111. 


Ampere  rating 

Performance 

Make  of  fuse 

30 

60 

100 

200 

400 

Total 
failures 

Per  cent 
failures 

Economy     

5 
6 
8 
5 
6 
7 
5 

4 
7 
10 
7 
5 
4 
4 

3 
5 

5 
3 
5 
3 
3 

4 
5 
8 
3 

4 
0 
3 

2 
3 
2 
2 
2 
2 
2 

0 
5 
8 
3 
4 
2 
0 

0 

19.2 

V 

24.2 

n 

15 

IV 

18.2 

m 

12.5 

VI  

0 

Total  of  all  approved  fuses  failed,  22;  total  of  all  approved  fuses  rated,  134;  per  cent  failures  of  all  approved 

fuses,  16.4. 

3-  Results  of  Short-C ircuit  Tests  on  6oo-Volt  Fuses. — The  results 
of  these  tests  are  shown  in  Table  9,  and  are  summarized  in  Table 
10,  the  arrangement  of  the  tables  being  the  same  as  that  described 
above  under  the  250-volt  tests,  so  that  the  summarizing  Table  10 
needs  no  detailed  interpretation. 
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An  examination  of  Table  10  will  show  that  in  both  series  of  tests 
the  performance  of  Economy  fuses  in  the  knife-blade  type  proved 
in  general  inferior  to  that  of  all  makes  -of  approved  fuses,  judged 
on  the  relative  percentage  of  failures.  However,  one  type  of 
approved  fuse  gave  rise  to  three  cases  of  what  was  considered  to 
be  the  most  serious  type  of  failure,  namely,  the  remaking  and 
sustaining  of  the  circuit  after  it  had  first  been  opened  by  the  fuse. 
This  type  of  failure  did  not  occur  in  the  Economy  fuses,  except  in 
the  single  instance  where  the  arc  appeared  to  be  held  for  a  few 
tenths  of  a  second;  although  the  oscillograms  showed  that  in  a 
few  cases  there  was  a  remaking  of  the  circuit  for  a  few  thousandths 
of  a  second. 

In  the  ferrule  types  tested  in  these  two  series  there  was  not 
much  choice  between  the  Economy  fuses  and  several  makes  of 
approved  fuses,  although  three  types  of  approved  fuses  were  dis- 
tinctly superior  to  the  Economy  fuse.  In  the  60-ampere  size  the 
Economy  fuse  behaved  much  worse  than  in  others,  while  in  the 
30-ampere  size  it  was  distinctly  superior  to  several  makes  of 
approved  fuses  and  was  the  equal  of  any  tested. 

The  following  summaries  of  600-volt  fuse  short-circuit  test 
failures  show  the  number  of  each  type  of  fuse  failure  which 
occurred  in  each  size  tested.  Six  main  divisions  of  failure  are 
recognized : 

A  =  Injury  to  cartridge  fiber  shell. 

B  =  Blowing  off  of  cap. 

C  =  Injury  to  cut-out. 

D  =  Ignition  of  cotton. 

E  =  Holding  or  sustaining  the  arc. 

F  =  Remaking  of  the  circuit. 
The  fuses  recorded  failed  under  one  of  the  two  following  short- 
circuit  conditions : 

First.  A  circuit  having  the  limiting  current  rising  from  10  000 
to  approximately  15  000  amperes,  due  to  a  gradual  reduction  in 
storage  battery  internal  resistance  during  the  period  of  test.  The 
value  of  reactance  was  inappreciable,  as  conductors  were  tied 
together. 

Second.  The  circuit  as  above,  with  added  noninductive  resist- 
ance to  limit  the  current  to  10  000  amperes  and  practically  con- 
stant battery  internal  resistance. 

In  some  instances  fuses  developed  more  than  one  kind  of  failure, 
making  the  total  number  of  fuses  which  failed  less  than  the  number 
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of  failures.  The  per  cent  of  failures  is  the  ratio  of  total  failures  to 
total  fuses  tested. 

The  spaces  designated' by  "o"  indicate  that  fuses  were  tested 
but  no  failures  resulted  under  that  division. 

For  other  terms,   see  explanation  accompanying  short-circuit 

test  data. 

TABLE  10 

Sixnunary  of  Fuse  Short-Circuit  Tests,  Chicago,  111.,  September-October,  1915 

I  a  I  FERRULE  TYPE  FUSES 


Make  of  fuse 


Circuit 
condition 


Failure 

Number 
tested 

Per  cent 
faUed 

A 

B 

C 

D 

E 

F 

0 

9 

8 

0 

0 

0 

16 

56 

0 

0 

0 

1 

0 

0 

12 

8 

0 

3 

1 

0 

0 

0 

9 

33 

0 

4 

2 

0 

0 

0 

21 

19 

0 

0 

0 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

21 

0 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

0 

18 

0 

0 

1 

1 

1 

0 

0 

11 

18 

0 

4 

4 

2 

0 

0 

21 

24 

0 

3 

1 

1 

0 

0 

15 

20 

1 

7 

3 

3 

0 

0 

27 

30 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

20 

0 

Per  cent 

of 
failures 


No. I First.... 

I  Second., 

No.  n First.... 

I  Second.. 

No.  m First 

,  Second.. 

No.  rV First.... 

Second.. 

No.  V First.... 

Second.. 

Economy First 

Second.. 

No.  VI First.... 

Second.. 


45 
29 
0 
0 
0 
0 
27 
48 
33 
52 
0 
0 


(6)  KNIFE-BLADE  TYPE  FUSES 


No.  I. 


No.  D- 


First.... 

Second. 

First 

Second. 
No.  rn '  First.... 

Second. 
No.  rV First... 

Second. 
No.  V First.... 

Second. 
Economy I  First 

Second. 

No.  VI First... 

I  Second. 


0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

14 

0 

1 

1 

0 

0 

0 

6 

0 

0 

0 

3 

1 

3 

21 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

22 

0 

0 

0 

0 

0 

0 

3 

0 

0 

Q 

0 

0 

0 

21 

0 

0 

1 

2 

0 

0 

6 

0 

0 

0 

7 

0 

0 

26 

0 

3 

3 

0 

0 

0 

3 

2 

8 

8 

26 

0 

0 

36 

0 

0 

0 

0 

0 

0 

12 

0 

0 

0 

0 

0 

0 

26 

0 
0 
17 
24 
0 
0 
0 
0 
50 
27 
100 
78 
0 
0 


0 
0 
33 
33 
0 
0 
0 
0 
50 
27 
200 
122 
0 
0 


TESTS  ON  AGED  FUSES 


As  pre\'iousl3'^  stated,  a  number  of  short-circuit  tests  were  made 
on  fuses  that  had  carried  their  rated  current  for  a  considerable 
time,  and  these  tests  gave  somewhat  conflicting  results.  The 
details  of  these  tests  are  given  in  Table  1 1 . 
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The  first  tests  were  made  at  Boston  on  Economy  and  D.  &  W. 
fuses  supplied  by  the  D.  &  \\'.  Fuse  Co.  which  had  carried  their 
rated  current  for  a  period  of  about  50  hours.  Subsequently, 
some  fuses  were  tested  at  Chicago  after  having  carried  their  rated 
ciurent  for  about  1 7  hours  at  the  D.  &  W.  laboratory.  An  exami- 
nation of  the  table  shows  that  the  Economy  fuses  supplied  by 
the  D.  &  W.  company,  after  having  been  aged  in  this  way,  gave 
a  ven,'  bad  performance  and  showed  marked  evidence  of  charring 
and  weakening  of  the  fiber,  whereas  the  D.  &  W.  fuses  similarly 
treated  showed  no  deterioration.  The  table  also  shows  that 
Economy  fuses  subjected  by  the  Bureau  of  Standards  to  their 
rated  current  for  a  period  of  from  95  to  100  hours  showed  no 
appreciable  evidence  of  deterioration  in  the  30-ampere  size. 
With  the  60-ampere  size  the  performance  of  these  fuses  was 
much  worse  than  in  the  case  of  the  new  fuses,  but  the  deteriora- 
tion was  by  no  means  as  great  as  in  the  case  of  the  fuses  supplied 
by  the  D .  &  W.  Fuse  Co .  The  difference  in  results  was  due  no  doubt, 
in  part  at  least,  to  the  difference  in  the  grade  of  fiber  used  in  the 
manufacture  of  the  fuses,  the  difference  frequently  being  clearly 
apparent  on  inspection.  In  addition  to  the  fuses  named  above, 
four  200-ampere  Economy  fuses  were  tested  after  having  been 
aged  on  rated  current  for  51  hours  at  the  Bureau  of  Standards 
and  two  of  these  exploded  violently.  In  all  of  the  prior  tests  on 
new  fuses  there  were  no  explosions  in  the  2C)o-ampere  size,  so 
that  this  result  indicates  a  decided  tendency  to  deterioration  in 
these  larger  fuses.  It  might  be  urged  that  four  fuses  is  too  small 
a  number  to  use  as  a  basis  of  judgment,  and  this  might  perhaps 
be  true  were  it  not  for  the  fact  that  the  examination  of  the  fuse 
cartridges  showed  ver}'  definite  and  unmistakable  tendencies 
toward  charring  of  the  fiber,  although  the  fuses  were  all  properly 
filled.  The  foregoing  results  indicate  that  the  tendency  of  Econ- 
omy fuses  to  deteriorate  while  carrying  their  rated  current  is 
much  greater  in  the  larger  sizes  than  in  the  smaller,  as  would  be 
expected  because  of  the  higher  temperature  developed.  The 
deterioration  in  these  fuses  is  also  markedly  greater  than  in  the 
case  of  fuses  using  powdered  filler,  with  which  they  were  compared. 

In  a  separate  series  of  tests  on  600- volt  fuses,  measurements  of 
temperature  of  the  fiber  cartridges  were  made  on  several  makes 
of  fuses,  including  the  Economy  and  four  makes  of  approved 
fuses,  while  carrjdng  their  rated  current.  These  tests  were  made 
on  the  loo-ampere  cartridges  and  they  showed  that  the  Economy 
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fuses  operate  at  a  considerably  higher  temperature  than  the  fuses 
containing  powdered  filler.  Tliis  is  no  doubt  largely  responsible 
for  the  deterioration  observed. 

PRACTICAL  SIGNIFICANCE  OF  FUSE  TESTS 

I.  General  Conditions  oj  Tests. — The  foregoing  tests  of  fuses, 
while  they  include  a  number  of  tests  made  on  low  limiting  cur- 
rents, were  for  the  most  part  made  under  test  conditions  pre- 
scribed by  Underwriters'  Laboratories,  which  require  that  the 
circuits  shall  be  so  arranged  that  the  limiting  current  on  short 
circuit  will  be  10  000  amperes;  and  further,  they  require  that 
only  a  single  fuse,  rather  than  two  in  series,  shall  be  tested  on  the 
voltage  for  which  it  is  rated.  Considerable  discussion  has  arisen 
as  to  the  reasonableness  of  tests  of  this  character.  In  practice 
the  majority  of  fuses,  especially  on  2 50- volt  circuits,  are  used  in 
such  a  way  that  on  short  circuit  there  are  practically  always 
two  fuses  in  series,  although  exceptional  cases  may  arise  in  which 
but  a  single  fuse  would  be  in  circuit  on  250  volts,  and  there  are 
one  or  two  cities  in  which  this  would  be  the  prevaihng  condition 
because  of  the  use  of  250  to  500  volt  three-wire  systems.  In 
general,  it  may  be  said  to  be  extremely  rare  in  practice  that  a 
single  fuse  is  short-circuited,  except  on  Edison  three-wire  systems 
or  on  three-wire  single-phase  systems,  in  which  cases  only  half 
the  voltage  is  impressed  on  one  fuse.  In  this  respect,  therefore, 
the  test  conditions  are  much  more  severe  than  the  voltage  condi- 
tions that  would  usually  prevail  in  practice.  In  the  experiments 
just  described,  in  which  two  fuses  in  series  were  blown  on  the 
rated  voltage  of  the  fuses,  the  operation  of  the  Economy  fuses  was 
entirely  satisfactory,  although  the  limiting  current  was  10  000  am- 
peres, as  called  for  by  the  Underwriters'  specifications.  If,  there- 
fore, it  could  be  shown  that  in  practice  10  000  amperes  would  be 
the  maximum  current  to  wliich  the  fuses  would  be  subjected,  there 
might  be  good  grounds  for  assuming  that  the  requirement  for 
testing  only  a  single  fuse  in  the  circuit  is  too  severe  and  not  best 
adapted  to  show  how  the  fuse  would  perform  in  actual  service. 
It  is  probably  true  that  in  the  majority  of  cases  in  practice  the 
fuses  are  not  called  upon  to  open  a  perfect  short  circuit,  there 
being  usually  a  considerable  amount  of  resistance  in  the  circuit 
which  makes  the  operation  of  the  fuses  much  more  certain  and 
reliable.  That  this  is  not  always  the  case,  however,  is  shown  by 
the  tests  described  in  the  following  section: 
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2.  Possible  Short-Circuit  Currents  in  Practice. — In  order  to  get 
some  idea  as  to  the  limiting  currents  that  might  be  expected 
under  actual  service  conditions  in  case  a  short  circuit  should  occiu- 
near  the  customer's  cut-out,  inquiries  were  made  of  a  number  of 
light  and  power  companies  regarding  this  point.  It  was  found, 
however,  that  in  every  case  those  engineers  whose  judgment  was 
considered  at  all  reliable  were  unwilling  to  venture  even  a  guess 
as  to  what  the  limiting  current  at  various  points  on  their  distribu- 
tion system  might  be,  especially  in  the  Edison  three-wire  networks, 
and  the  construction  of  these  systems  is  such  as  to  make  a  cal- 
culation extremely  tedious  and  difficult.  It  was  therefore  decided 
to  make  tests  in  a  number  of  cases  to  determine  the  order  of 
magnitude  of  the  currents  that  would  be  had  under  typical  con- 
ditions. Two  series  of  tests  were  made,  one  in  a  city  of  about 
350  000  inhabitants  and  the  other  in  a  city  of  about  2  000  000 
inhabitants.  In  the  smaller  city  only  a  few  tests  were  made 
in  the  heart  of  the  Edison  networks,  where  the  maximum  would 
have  been  expected,  the  majority  of  tests  being  made  in  outlying 
portions  of  the  network,  where  relatively  small  currents  would 
occur.  In  the  larger  city  the  tests  were  made  in  the  heart  of  the 
Edison  three-wire  distribution  system,  the  tests  being  made  at 
points  varying  from  one  to  six  city  blocks  from  the  nearest  power 
house.  The  tests  were  made  by  connecting  a  resistance  grid 
across  the  cut-out  terminals  with  an  ammeter  in  series,  a  voltmeter 
across  the  cut-out  and  a  switch  arranged  to  open  and  close  the 
circuit.  When  the  switch  was  closed  a  current  of  about  300 
amperes  was  taken,  and  at  the  instant  of  closing  the  drop  in 
voltage  at  the  cut-out  was  noted,  and  from  this  the  current  that 
would  occur  on  dead  short  circiut  at  the  cut-out  could  be  readily 
calculated. 

The  results  of  the  tests  in  the  smaller  city  are  shown  in  Table  1 2 
and  in  the  larger  city  in  Table  13.  It  will  be  seen  that  in  the  first 
case  there  was  but  one  point  at  which  the  limiting  current  would 
exceed  10  000  amperes;  although  at  several  places  it  approached 
this  figure.  As  pointed  out,  however,  only  a  few  of  these  were 
so  located  that  anything  like  the  maximum  current  would  be  ex- 
pected. In  Table  1 3  is  shown  the  results  of  the  tests  made  in  the 
larger  city,  and  the  territory  covered  here  may  be  regarded  as 
representative  of  a  very  large  part  of  the  Edison  three-wire  system 
in  the  larger  cities.  It  will  be  seen  from  this  table  that  at  the 
great  majority  of  the  points  at  which  tests  were  made  the  cal- 
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culated  limiting  current  is  very  much  in  excess  of  the  10  000 
amperes  specified  for  the  test  circuit  by  the  Underwriters'  Labora- 
tories. In  one  case  nearly  90  000  amperes  and  in  another  over 
100  000  amperes  would  have  resulted  from  a  severe  short  circuit. 

TABLE  12 
Regulation  of  220- Volt  Direct-Current  Circuits 


Test  No. 

Size  of 

service 

conductors 

Distance 
from  gen- 
erating or 
substation 

Limiting 
short- 
circuit 
current 

Test  No. 

Size  of 

service 

conductors 

Distance 
from  gen- 
erating or 
substation 

Limiting 
short- 
circuit 

current 

1              -  •• 

Feet 

100 

100 

1000 

Amp. 

2790 

1340 

12600 

7710 

1370 
8650 
3820 
2250 
500 

10 

No.  6 

No.  6 

500  000  cir. 
mils. 

No.  6 

No.  6 

No.  6 

No.  2 

No.  2 

No.  6 

No.  2 

Feet 
200 
100 
2500 

2500 
4500 
1500 
2500 
3500 
4500 
4000 

Amp. 
4320 

2 

No.  10 

750  000  cir. 

mils. 
500  000  cir. 

mills. 
No.  6 

11 

6050 

12 

6050 

4 

13 

1970 

4500 
5000 
5000 
6000 
8000 

14 

1330 

5 

15 

3740 

16 

2500 

17 

1290 

g 

No.  6 

No.  4 

18 

1370 

19 

1290 

TABLE  13 

Regulation  Tests  on  D.  C.  Customers'  Service;  Edison  3-Wire  System;  Common- 
wealth Edison  Co.,  Chicago,  111.,  October,  1915 


Feeder  tap 

Distance 
to  nearest 
substation 
(from  blue 
print) 

Calculated 

Test  No. 

Size 

Length 

limiting 
current 

1  

Cir.  mils 

1-1  000  000 
3-2  000  000 
1-1  000  000 
1-    500  000 
1-     "O" 
1-1  000  000 
1-1  500  000 
2-1  500  000 
1-1  000  000 
1-1  500  000 
1-    200  000 
1-    No.  0 
1-    No.  6 

Short 

...do 

...do 

...do 

...do 

...do 

80  feet 

75  feet 

Short 

75  feet 

Short 

...do 

...do 

Feet 

150 

400 
1500 

600 
1100 
1300 
1100 

900 
2300 
3000 
2350 
3400 
2600 

Amp. 
26  200 

2                

107  000 

3                                                                          

20  000 

4  

17  100 

5                 

9800 

6 

13  200 

7 

25  500 

8                                 

87  300 

9 

13  900 

10 

13  400 

11                             .                                      

9800 

12 

8100 

13 : 

6100 

In  general,  the  short-circuit  currents  in  this  test  would  be  at 
least  several  times  that  specified  by  the  Underwriters'  specifica- 
tions. These  tests  indicate  that,  as  a  matter  of  fact,  the  limiting 
current  is  determined  almost  exclusively  by  the  resistance  of  the 
customers'  service  wires  between  the  cut-out  and  the  street  man- 
hole, the  resistance  of  the  three-wire  distribution  network  being 
BO  low  as  to  be  almost  negligible.  It  follows,  therefore,  that  not 
only  would  the  10  000  amperes  specified  by  the  Underwriters' 
Laboratories  be  in  many  cases  possible,  but  much  more  severe 
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short-circuit  conditions  might  at  times  occur.  Special  tests  that 
have  been  made  by  the  Bureau  of  Standards  on  sample  fuses  in 
which  the  voltage  and  the  ciurent  had  been  varied  throughout 
wide  Hmits  usually  showed  that  the  severity  of  the  operation  of 
the  fuses  is,  throughout  a  considerable  range,  determined  mainly 
by  the  product  of  voltage  and  current,  cutting  the  voltage  in  half 
being  substantially  compensated  for  by  doubling  the  current.  It 
would  appear,  therefore,  that  testing  a  single  250-volt  fuse  on  its 
rated  voltage  with  10  000  amperes  limiting  current  would  be  sub- 
stantially equivalent  in  severity  to  testing  two  fuses  in  series  on 
20  000  amperes,  which,  as  shown  above,  is  the  condition  that 
might  occasionally  be  realized  in  practice. 

In  view  of  these  tests  it  can  not  be  said,  therefore,  that  the  condi- 
tions imposed  by  the  Underwriters  are  too  severe  to  represent  a 
condition  that  is  likely  to  occur  in  practice  with  sufficient  frequency 
to  be  important;  and  consequently  failure  of  fuses  on  these  tests 
can  not  be  ignored  on  the  ground  that  such  conditions  are  abnormal. 

3.  Effect  of  Inductance  on  Fuse  Performance. — An  examination  of 
Table  5,  giving  the  results  of  the  Boston  fuse  tests,  as  well  as  a 
number  of  special  tests  made  at  the  Bureau  of  Standards,  shows 
that  the  effect  of  inductance  on  the  performance  of  fuses  is  very 
marked.  Experiments  made  at  the  Bureau  of  Standards  show 
that  even  where  comparatively  small  short-circuit  currents  are 
used,  amounting  to  only  a  few  hundred  amperes,  if  there  be  a 
liigh  inductance  in  the  circuit,  such  as  might  be  frequently  encoun- 
tered, the  performance  of  the  fuses  may  be  expected  to  be  very 
bad.  This  factor  has  not  been  taken  into  account  in  the  Under- 
writers' specifications  for  fuse  testing,  probably  because  of  the  lack 
of  definite  knowledge  regarding  values  of  inductance  that  would 
Ukely  be  encountered  in  practice.  As  a  matter  of  fact,  it  is  our 
understanding  that  the  specifications  of  the  Underwriters'  are 
designed  not  so  much  to  represent  actual  extreme  conditions  to 
which  fuses  may  be  subjected  in  practice,  but  rather  to  represent 
the  present  state  of  the  development  of  the  art  of  fuse  manufac- 
ture, it  hax-ing  been  shown  that  it  is  entirely  practicable  to  meet 
these  requirements  without  imposing  any  undue  hardship  on  the 
fuse  manufacturers,  although  the  cost  of  maintaining  this  standard 
has  not  infrequently  been  complained  of  by  fuse  users.  In  \aew, 
therefore,  of  the  large  short-circuit  currents  that  may  at  times  be 
encountered,  as  shown  by  the  preceding  tests,  and  in  view  of  the 
very  pronounced  effect  of  inductance  and  the  relatively  poor  per- 
formance of  fuses  on  highly  inductive  circuits  even  where  the  limit- 
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ing  current  is  very  small,  it  can  not  be  said  that  the  test  conditions 
imposed  by  Underwriters'  Laboratories  are  more  severe,  nor  as 
severe,  as  certain  conditions  that  might  arise  in  practice. 

OSCILLOGRAPH  RECORDS  OF  FUSE  TESTS  = 

I .  Description  and  Interpretation  of  Records. — A  large  number  of 
oscillograph  records  were  taken  of  the  voltage,  current,  and  time 
characteristics  of  the  fuses  mider  test.  In  general,  it  was  the 
aim  to  take  from  one  to  two  oscillograms  of  each  size  and  make 
of  fuse  tested.  There  are  presented  herewith  a  considerable 
number  of  these  oscillograms,  the  aim  being  to  give  one  oscillo- 
gram of  each  size  and  make  of  fuse  where  possible.  There  are  a 
number  of  cases,  however,  where  this  could  not  be  done  because 
of  failure  to  get  a  good  oscillogram.  In  all  of  the  oscillograms 
presented  herewith  there  are  three  records  shown,  namely,  cur- 
rent, voltage,  and  time,  the  latter  being  shown  by  a  60-cycle 
alternating-current  wave.  In  all  of  the  records  of  the  Boston 
(250  volts)  test  the  zero  line  of  current  and  voltage  coincide.  In 
the  Chicago  tests  (600  volts)  the  zeros  of  these  waves  are  separate. 
The  current  and  voltage  waves  are  readily  distinguishable  from 
each  other  by  their  form.  In  the  Boston  tests  the  sequence  of 
events  is  from  right  to  left,  as  shown  by  the  arrows  in  many 
instances,  while  in  the  Chicago  tests  the  reverse  is  the  case,  the 
sequence  of  events  being  from  left  to  right.  No  arrows  are  shown 
on  the  latter  series  of  oscillograms.  An  examination  of  the  oscil- 
lograms reveals  a  large  amount  of  valuable  information  regarding 
the  performance  of  the  fuses.  Some  of  this  can  only  be  obtained 
by  a  detailed  study  of  the  oscillograms.  The  following  are  some 
of  the  chief  characteristics  of  the  performance  of  the  various  fuses 
as  shown  by  these  oscillograph  records. 

1.  A  comparison  of  the  oscillograms  shows  that  in  general  the 
Economy  fuse  opens  the  circuit  more  quickly  after  the  arc  begijis 
to  form  than  any  of  the  approved  makes  of  fuses. 

2.  With  the  smaller  fuses,  below  200  amperes,  it  will  be  seen  that 
the  fuse  blows  before  the  current  reaches  a  steady  state,  this 
being  particularly  true  in  the  ferrule  types.  In  the  larger  fuses, 
especially  in  the  400  and  600  ampere  ratings,  the  current  generally 
reaches  practically  its  maximum  value  before  the  arc  begins  to 
form. 

3.  The  time  elapsing  between  the  closing  of  the  switch  and  the 
beginning  of  the  arc  is  characteristic  of  certain  makes  of  fuses  and 

^See  Figs,  i-ii  grouped  at  the  end  of  this  paper. 
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seems  to  be  an  important  factor  in  the  fuse  performance.  The 
time  required  for  the  formation  of  the  arc  in  the  various  sizes  and 
makes  of  fuses  is  shown  in  .Table  14,  the  time  given  in  each  case 
being  the  average  for  the  particular  size  and  make  and  voltage  of 
all  of  the  oscillograms  taken.  It  will  be  seen  that  the  time  re- 
qiured  for  the  formation  of  the  arc  in  the  case  of  the  Economy 
fuse  is  greater  than  that  of  several  approved  makes  but  less  than 
that  of  certain  others.  In  particular,  it  will  be  noted  that  fuse  II 
requires,  in  both  the  30  and  60  ampere  sizes,  a  considerably  greater 
time  for  the  arc  to  form;  and  in  this  connection  it  is  significant 
that  the  30  and  60  ampere  fuses  of  this  make  behaved  the  worst 
of  all  fuses  tested,  they  being  inferior  on  the  whole  to  Economy 
fuses.  The  oscillograms  seem  to  show  that  this  is  due  in  part  at 
least  to  the  slowness  with  which  the  arc  forms,  which  in  the 
smaller  sizes  of  fuses  makes  it  possible  for  the  current  to  reach  a 
higher  value  before  the  fuse  operates,  which,  of  course,  would 
tend  to  increase  the  severity  of  the  operation. 

TABLE  14 
Average  Time  Elapsing  Between  the  Closing  of  the  Circuit  and  the  Starting  of  the  Arc 

(a)  250  VOLTS 


Size  of  fuse  in  amperes 


Economy 

I 

n 

m 

IV 

V 

Second 
0.0022 
.0043 
.0065 
.0115 
.0258 
.0366 

Second 

0.0016 

Second 

0.0034 

.0049 

,0096 

Second 

0.00155 
.0029 
.0075 
.0160 
.053 

Second 
0.0028 
.0036 
.0061 
.0102 
.037 

Second 
0.0029 

.0050 
.0096 
.023 
.053 

.0085 
.0213 
.048 

.068 

'" 

VI 


30.. 
60.. 
100. 
200. 
400. 
fiOO. 


Second 

0.0030 
.0032 
.0055 

'"'".'on' 

.053 


(6)  600  VOLTS 

30 

0.0015 
.0026 

0.00167 
.0017 
.0066 

0.00270 
.0030 
.0049 
.0225 

0.0012 
.0027 

0.00167 

0.0012 
.0023 
.0042 
.013 

0.0012 

.0019 

106                

.0043 
.0129 

.0053 

200  

.0178 

.0065 

400 

.050 

.0348 

4.  A  remarkable  feature  of  the  oscillograms  of  the  Economy 
fuses  is  the  marked  tendency  toward  the  production  of  high-fre- 
quency oscillations.  While  there  are  usually  small  ripples  in  the 
voltage  and  current  waves  of  the  approved  fuses,  there  are  in  the 
majority  of  the  Economy  fuses  very  pronounced  high  frequency 
harmonics.  The  frequency  of  these  varies  somewhat  with  the  size 
of  the  fuse,  but  is  of  the  order  of  a  few  himdred  cycles  per  second. 
A  calculation  of  the  natural  frequency  of  the  circuit  from  its 
known  constants  shows  that  it  is  altogether  too  high  to  give  rise 
to  the  oscillations  here  observed.     Tliis,  and  the  further  facts 
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that  the  frequency  varies  with  the  size  of  the  cartridge  and  also 
that  the  oscillations  are  practically  absent  from  the  fuses  using 
powdered  filler,  indicates  that  these  oscillations  are  probably  due 
to  mechanical  resonance,  the  frequency  being  the  natural  period 
of  vibration  of  the  fuse  cartridge.  vSince  the  conductivity  of  the 
compressed  gases  in  the  cartridge  during  the  fuse  explosion  is  a  func- 
tion of  the  pressure,  it  will  readily  be  seen  that  there  is  a  definite 
tendency  to  set  up  oscillations  of  this  character.  These  high- 
frequency  oscillations  are  of  considerable  importance,  as  they 
may  increase  considerably  the  insulation  strain  on  connected 
apparatus. 

5.  In  general,  it  will  be  seen  from  the  oscillograms  that  the 
circuit  is  opened  within  a  few  hundredths  of  a  second,  the  time 
generally  being  longer  for  the  larger  fuses  than  for  the  smaller 
ones.  There  were  a  few  cases,  however,  in  which  the  operation 
seemed  to  be  considerably  prolonged.  This  was  particularly 
true  in  oscillograms  numbers  S3,  66,  and  67.  In  no  case,  however, 
is  there  a  record  of  the  arc  having  persisted  for  longer  than  0.2 
second,  so  that  none  of  the  oscillograms  can  be  said  to  indicate 
holding  of  the  arc.  There  was  one  case,  which  has  already  been 
mentioned,  in  which  an  Economy  fuse  appeared  to  hold  the  arc 
for  a  very  definite  though  short  interval  accompanied  by  sus- 
tained oscillation;  but  no  oscillograph  record  was  obtained  on 
this  fuse.  It  will  be  seen  that  in  the  case  of  the  Economy  fuse 
there  were  several  cases  in  which  the  arc  Avas  apparently  extin- 
guished and  then  remade  for  a  very  brief  interv^al  of  one  or  two 
thousandths  of  a  second  and  then  extinguished  again. 

6.  The  oscillograms  show  that  in  all  cases  there  is  a  very  abrupt 
rise  of  current  on  closing  the  switch  after  which  the  current  rises 
more  slowly,  according  to  what  appears  to  be  an  exponential 
curve.  It  has  been  suggested  that  the  shape  of  this  curve  is  due 
to  peculiarities  of  the  battery  performance;  but  this  theory  is 
not  borne  out  by  these  curves.  The  calculations  based  on  the 
measured  constants  of  the  circuit  show  that  the  gradual  rise  of 
current  is  due  practically,  if  not  entirely,  to  the  self-inductance 
of  the  circuit,  the  sudden  rise  at  the  start  being  apparently  a 
charging  current  in  the  leads  beyond  the  oscillograph  ammeter 
shimt. 

7.  The  oscillograms  showing  the  performance  of  two  fuses  in 
series  show  that  tmder  these  severe  conditions  of  test,  the  two 
fuses  blow  almost  exactly  simultaneously,  so  nearly  so  in  fact  that 
the  voltage  on  each  of  the  two  fuses  is  substantially  equal;  and 
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this  explains  why  the  performance  of  two  fuses  in  series  is  so 
markedly  superior  to  that  of  a  single  fuse. 

8.  An  examination  of  the  oscillograms  shows  that  in  all  cases 
there  occurred  ^'ust  at  the  instant  the  arc  was  extinguished  a 
definite  reversal  of  current  in  the  oscillograph  circuit.  This  is 
due  to  the  disappearance  of  the  electric  charge  stored  in  the  leads 
at  the  time  the  fuse  blows  when  the  voltage  across  the  cut-out  is 
above  the  normal  voltage  of  the  circuit.  After  the  fuse  blows 
and  the  voltage  of  the  leads  drops  to  the  normal  voltage  of  the 
supply,  there  would  necessarily  be  a  reversal  of  cmrent  in  the 
circuit. 

9.  In  the  Chicago  fuse  tests  it  will  be  observed  that  in  practi- 
cally all  cases  there  is  at  the  instant  of  closing  the  switch  a  nega- 
tive deflection  of  the  voltmeter  element  of  the  oscillograph. 
In  some  cases  this  is  very  pronormced,  amounting  to  as  much  as 
half  the  voltage  of  the  battery.  This  is  due  to  a  high  resistance 
ground  on  the  battery. 

SUMMARY  OF  RESULTS  OF  FUSE  TESTS 

A  careful  examination  of  the  records  of  the  tests  above  referred 
to  shows  that  in  general  the  performance  of  Economy  fuses  under 
the  test  conditions  prescribed  by  the  Underwriters'  Laboratories 
was  decidedly  inferior  to  that  of  the  majority  of  the  makes  of  ap- 
proved fuses  with  which  they  were  compared.  There  was  one 
notable  exception,  however,  there  being  one  make  of  approved 
fuse  which  in  the  ferrule  type  proved  quite  imiformly  less  satisfac- 
tory under  test  than  the  Economy  fuse,  and  was  but  little  better 
than  the  Economy  fuse  in  most  of  the  knife-blade  sizes.  The  per- 
formance of  the  fuse  of  this  make,  however,  was  decidedly  below 
the  limit  set  by  the  Underwriters'  Laboratories,  a  condition  which 
may  at  times  develop  in  any  de\'ice  which  has  once  been  approved. 
When  such  a  condition  is  found  to  have  developed,  however,  it  is 
the  practice  of  the  Underwriters'  Laboratories  to  demand  that  the 
de^^ce  be  brought  up  to  standard  on  penalty  of  withdrawing  ap- 
proval if  tliis  is  not  done  within  a  reasonable  time.  We  under- 
stand that  any  new  line  of  fuses  performing  as  these  fuses  perform 
would  not  be  approved  by  the  Underwriters'  Laboratories,  and  if 
such  a  performance  should  persist  for  a  considerable  time  in  any 
approved  line  of  fuses  the  approval  would  be  withdrawn.  Fur- 
ther, the  tests  show  that  Economy  fuses  in  service  tend  to  dete- 
riorate more  rapidly  than  fuses  using  powdered  filler,  so  that  the 
comparison  of  old  fuses  would  probably  be  still  less  favorable  to 
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the  Economy  fuse.  This  is  more  important  in  a  refillable  fuse  than 
in  a  nonrefillable  fuse,  because  the  former  are  likely  to  be  kept  in 
the  customers'  cut-outs  for  a  longer  time.  It  follows,  therefore, 
that  if  Economy  fuses  were  to  be  approved  in  view  of  their  per- 
formance under  these  tests  the  result  would  be  a  distinct  lowering 
of  the  standard  of  fuse  performance  as  shown  by  short-circuit  tests. 
The  foregoing  tests,  however,  show  quite  clearly  that  it  is  entirely 
practicable  from  a  manufacturing  standpoint  to  manufacture  fuses 
that  will  give  very  satisfactory  performance  imder  the  tests  im- 
posed by  the  Underwriters'  Laboratories,  so  that  before  changing 
the  test  requirements  so  as  to  lower  the  standard  of  fuse  perform- 
ance we  should  be  definitely  assured  that  on  the  one  hand  no 
serious  hazard  would  result  from  so  doing,  or  that  any  hazard 
which  might  be  introduced  would  be  fully  justified  by  compensat- 
ing advantage?.  The  compensating  advantages  alleged  for  the 
Economy  fuse  are  two  in  number,  namely,  first,  that  they  reduce 
the  cost  of  fuse  maintenance  to  the  user;  and,  second,  that  the  ease 
with  which  they  can  be  refilled  by  the  user  will  in  large  measure 
reduce  the  tendency  to  dangerous  misuse  of  approved  fuses.  Data 
bearing  on  these  questions  have  been  obtained  by  the  Bureau  of 
Standards  in  its  investigations  of  the  use  of  Economy  fuses,  and 
these  data  are  presented  in  the  following  sections. 

VI.  INSPECTIONS  OF  FUSE  INSTALLATIONS  MADE  BY  THE 
BUREAU  OF  STANDARDS 

INTRODUCTION 

In  addition  to  the  tests  made  by  the  Bureau  of  Standards  and 
the  evidence  submitted  by  the  parties  to  the  arbitration,  it  has 
been  deemed  necessary  for  the  Bureau  of  Standards  to  send  in- 
spectors into  the  field  to  inspect  a  considerable  number  of  repre- 
sentative fuse  installations  and  confer  in  person  with  the  users  of 
fuses  in  order  to  obtain  first-hand  information  regarding  some  of 
the  points  that  have  been  brought  into  question  by  the  investiga- 
tion. A  summary  of  the  results  of  these  inspections  is  presented 
in  the  following  reports.  On  account  of  the  detail  involved  these 
reports  have  been  condensed  as  much  as  possible,  smoothness  and 
fullness  having  been  in  many  cases  sacrificed  for  brevity. 

1.  INSPECTIONS  IN  NEW  YORK,  N.  Y.* 

The  purpose  of  this  inspection  was  to  obtain  evidence  of  the 
prevalence  in  one  large  city  of  the  practice  of  making  proper  or 

^  By  W.  J.  Canada,  au  electrical  engineer  of  this  Bureau. 
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improper  fuse  replacements  in  the  small  manufacturing  occupan- 
cies known  as  "sweatshops"  and  also  in  printing  establishments. 

From  a  list  of  sweatshops  and  printing  establishments  previ- 
ously prepared  the  addresses  of  a  number  of  occupancies  were 
taken,  most  of  which  were  later  found  to  contain  some  motors. 
A  number  of  other  sweatshops  were  inspected  as  they  were  noted 
in  passing  through  the  streets  of  New  York  City.  The  entire 
sweatshop  district  is  represented  in  the  inspections  made,  which 
also  cover  both  newer  and  older  types  of  shops. 

Attention  was  particularly  given  to  fusing  of  motor  circuits  on 
which  fuse  replacements  are,  of  course,  more  frequent  than  on 
lighting  circuits. 

SUMMAHY  OF  INSPECTIONS 


The  inspections  were  made  to  include  a  check  on  the  sizes  of  motors  and  number 
and  size  of  lamps  which  were  supplied  by  tlie  circuits,  andon  the  sizesof  circuit  wire 
and  the  size  of  all  fuses  for  each  circuit.  Thirty-four  establishments  were  inspected, 
including  printing  occupancies,  so-called  sweatshops  and  loft  buildings,  in  the  latter 
of  which  the  inspections  were  extended  only  to  the  main  circuit  arrangements.  The 
make  of  fuse  and  the  type,  cartridge  plug  and  link  were  noted  in  each  case,  and  also  the 
amount  of  overfusing.  Improper  types  of  fuse  replacements  were  also  carefully  noted. 
In  many  installations  no  fxise  abuse  of  any  kind  was  foimd.  Careful  records  were 
made  on  all  peculiar  conditions  and  these  are  covered  in  the  summary  below,  which 
is  given  as  included  in  the  original  report. 

Ill  several  buildings  a  glance  was  taken  at  other  motor  installations  in  different 
occupancies  to  determine  if  the  fuse  situation  was  in  general  the  same,  although  time 
was  not  taken  to  check  the  exact  size  of  the  fuse  and  circuit  wire.  In  all  such  cases 
(about  a  dozen)  the  fusing  was  found  to  be  done  with  standard  material. 

Totals  of  Fuses  Inspected 


Number 

Fuses 

Proper 
type 

Improper 
type 

34 

520 

491 

29 

4 

272 

263 

9 

3 

113 

93 

20 

27 

135 

135 

0 

Cartridge 

fuse  clips 

used 


Total  occupancies  checked 

Printing  occupancies  checked 
Loft  building,  main  boards. . . 
Sweatshop  occupancies 


447 
263 
71 
113 


Per  cent 

of  all 
occu- 
pancies 


Per  cent 
of  aU 
fuses 


Per  cent 

of  improper 

replace- 
ments to  all 
fuses 


Per  cent 

cartridge 

fuse  clips  to 

all  others 


Per  cent 

plug  fuse 

receptacles 

improperly 

refilled 


Total  occupancies 

Printing 

Loft  building. . . . 
Sweatshop 


100 
12 
9 
79 


100 
52 
22 
26 


5.9 
3.4 
21.0 
0.0 


91 
100 
75 
85 


INQUIRIES  OF  DEALERS 

I.  A  small  iinn  in  the  old  sweatshop  district,  catering  particularly  to  the  sweat- 
shop trade,  with  small  motors,  fans,  etc.  Their  representative  did  not  at  first  know 
what  cartridge  fuses  meant,  handles  only  plug  fuses,  and  apparently  had  no  idea 
what  a  refillable  fuse  would  be.     Personal  call  made  on  this  concern. 
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2.  A  small  concern,  dealing  mainly  in  repair  work  on  fans  and  small  motors  in 
the  sweatshop  district.  Upon  request  for  refillable  fuse,  this  firm  did  not  understand 
what  was  meant.  They  handle  mostly  plug  fuses.  Such  cartridge  fuses  as  they 
handle  come  from  a  large  drawer  which  contains  loose  a  number  of  sizes  and  types 
of  terminals.  Upon  pressing  inquiry  for  refillable  fuses,  the  representative  of  this 
firm  stated  that  he  "guesses  that  the  kind  you  refill  aren't  any  good  or  we  would  have 
heard  of  them." 

5.  Upon  inquiry  by  telephone,  another  company  stated  that  they  refill  all  makes 

of  cartridge  fuses,  sometimes  using  the  old  filling  material  and  sometimes  not.     They 

also  sell  new  fuses,  but  make  none.     They  further  stated  that  their  refilled  fuses  blow 

just  as  well  as  the  original  one.     Several  firms  do  refilling  of  cartridge  fuses  as  a 

business. 

NOTES  IN  CONNECTION  WITH  INSPECTIONS 

The  term  "sweatshop"  is  rarely  used,  has  largely  lost  its  meaning,  and  is  to  a  great 
extent  replaced  by  the  term  "  loft. ' '  A  loft  building  may  have  a  floor  area  anywhere 
from  25  by  100  to  200  by  200  feet  or  more,  the  smaller  size  being  the  most  prevalent. 
The  height  may  vary  from  5  to  12  stories,  with  a  tendency  toward  the  higher  buildings. 
The  separate  lofts  (formerly  called,  probably  with  justice,  sweatshops)  are  located  each 
on  a  separate  floor  and  comprise  sewing  occupancies  usually  on  light  and  highly 
inflammable  materials,  with  closely  grouped  sewing  machines,  usually  group  driven 
but  sometimes  with  individual  drives  with  circuits  carried  over  or  imder  the  machines. 
Where  group  drives  are  used,  the  motor  will  be  started  usually  by  the  foreman,  with 
individual  drives  by  the  operator,  three  times  out  of  four  a  woman.  The  number  of 
motors  will  vary;  With  group  drives,  from  i  to  10;  probably  in  go  per  cent  of  such 
occupancies,  not  over  2;  with  individual  motor  drives  the  number  will,  of  course,  be 
much  larger.  With  individual  drives  fusing  will  be  done  only  at  fuses  on  ceilings  or 
in  cabinets  on  side  walls,  and  the  blowing  of  fuses  by  the  loads  in  small  individual 
motors  appears  to  be  quite  rare ,  since  a  10  or  15  ampere  fuse  protecting  a  No.  14  circuit 
wire  will  overfuse  a  one-tenth  horsepower  motor  500  to  1000  per  cent. 

From  consideration  of  the  original  low  cost  of  installation,  and  the  ease  of  removing 
an  occupancy  from  one  of  the  "  power"  buildings,  the  motor  installations  are  protected 
in  probably  90  per  cent  of  the  cases  by  plug  fuses  rather  than  by  cartridge  fuses. 
Such  fuses  are  rarely  placed  in  cabinets,  owing  to  the  fact  that  this  is  not  required 
by  either  the  ordinances  or  by  the  Underwriters.  The  building  wiring  itself  usually 
has  fuses  in  cabinets. 

From  the  inspections  made  no  tendency  toward  improper  re-fusing  was  observ-able 
in  this  character  of  risk.  This  apparently  results  from  two  or  three  causes.  First, 
because  the  motors  are  small  and  the  fuse  which  protects  the  wire  running  to  them, 
usually  No.  14,  is  larger  than  necessary  for  the  normal  load  demand  of  the  motor. 
Second,  because  of  the  character  of  the  load.  Third,  because  of  frequent  inspections 
by  Underwriters,  factory  inspectors,  and  others. 

The  case  of  the  printing  establishments  is  somewhat  different.  In  a  talk  with  the 
engineer  of  a  lithographing  company,  he  stated  that  this  firm  is  adopting  the  use  of 
circuit  breakers  as  rapidly  as  possible,  since  fuses  will  be  abused  in  order  that  service 
may  be  as  continuous  as  possible,  especially  when  men  are  on  piece  work,  and  it  is 
very  difficult  to  detect  overfusing  without  much  more  time  spent  in  inspection  than 
is  necessary  with  circuit  breakers,  which  can  be  so  used  as  to  quickly  restore  service 
and  yet  readily  indicate  to  the  inspector  when  set  too  high.  This  firm  claims  to  have 
tried  every  fuse  available  over  a  long  period  of  years  and  to  have  arrived  at  this 
decision  as  a  matter  of  its  own  experience.  The  engineer  expressed  it  as  his  opinion 
that  the  Underwriters  are  lax  in  not  requiring  circuit  breakers  instead  of  fuses  in  such 
cases. 
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This  engineer  advised  of  a  case  where  an  Economy  fuse  had  taken  fire  due  to  loose 
contact  between  the  fuse  element  and  the  washer  where  bent  over  the  washer.  They 
have  used  many  Economy  fuses  and  find  them  not  to  solve  the  problem  of  motor 
protection. 

CONCLUSIONS 

From  consideration  of  the  results  of  the  inspections  described  above  it  seems 
that  the  tendency  to  replace  fuses  by  too  large  fuses  or  by  improperly  refilled  fuses 
is  very  small  among  New  York  lofts  (sweatshops)  and,  in  fact,  the  frequency  with 
which  replacement  of  fuses  becomes  necessarj'  appears  ver>-  small.  As  compared 
with  printing  establishments  and  the  main  power  boards  of  buildings  where  attended 
to  by  an  electrician  or  a  janitor,  the  tendency  toward  improper  re-fusing  in  sweat- 
shops appears  almost  negligible. 

In  the  city  of  New  York  it  has  been  permissible  for  some  time  to  install  refillable 
fuses  in  locations  where  they  would  be  under  the  care  of  a  competent  and  authorized 
electrician.  Their  sale  has  apparently  not  extended  considerably  into  buildings  in 
the  sweatshop  district  or  among  printing  establishments. 

The  janitors  of  loft  buildings,  however,  appear  somewhat  accustomed  to  improper 
replacements  of  approved  cartridge  fuses,  and  in  the  printing  establishments  the  use 
of  approved  fuses  refilled  by  elements  of  imknowu  capacity  and  not  subject  to  easy 
inspection  is  evidently  rather  large. 

The  natural  conclusion  to  be  drawn  from  the  results  of  these  inspections  is  that  the 
tendency  to  improperly  re-fuse  circuits  in  sweatshops  is  too  small  to  constitute  a 
serious  argument  either  for  or  against  the  use  of  a  refillable  fuse  in  these  occupancies. 
The  first  cost  of  fuses  appears  to  be  more  of  a  factor  than  the  cost  or  convenience  of 
refilling. 

In  the  fuse  boards  subject  to  attendance  by  building  janitors,  on  the  other  hand, 
there  seems  a  marked  tendency  to  improperly  replace  blown  fuses.  The  makeshifts 
frequently  used  are  probably  fully  as  bad  as  would  be  the  improper  refilling  of  a 
refillable  fuse.  In  most  cases  of  improper  replacements  the  fuse  wire  was  left  exposed 
(not  within  a  cartridge).  With  a  refillable  fuse  the  cartridge  protection  might  more 
often  be  used  if  refilled  with  the  elements  designed  for  the  purpose. 

In  printing  occupancies  some  tendency  toward  hasty  replacements  of  fuses  exists 
and  the  use  of  otlier  tlian  the  standard  fuses  is  considerable.  Some  firms  regularly 
use  refilled  nonrefillable  fuses  which  are  of  unknown  capacity  when  so  refilled.  Others 
use  jumpers.  The  larger  concerns  find  that  motor  protection  is  better  secured  by 
breakers.  The  makeshifts  frequently  used  are  probably  as  bad  as  would  be  the 
improper  filling  of  a  refillable  fuse,  and  jumping  with  copper  would  be  no  more 
frequent  tlian  at  present. 

INSPECTIONS  IN  NEW  YORK,  BROOKLYN,  NEW  HAVEN,  AND  BRIDGEPORT 

Careful  inspections  ^  were  made  of  a  number  of  large  and  of 
moderate-sized  manufacturing  plants  and  mercantile  establish- 
ments, and  information  was  obtained  from  the  chief  engineers, 
electrical  engineers,  or  electricians  to  determine  the  experience  of 
these  companies  with  fuses  for  their  electrical  circuits  and  their 
opinions  based  on  this  experience  of  the  fuses  which  they  have  used. 

The  list  of  concerns  selected  was  chosen  from  a  large  number  of 
users  of  fuses  in  the  cities  of  New  York,  Brooklyn,  New  Haven, 
and   Bridgeport.     From   these   the    occupancies    inspected  were 

6  By  W.  J.  Canada,  an  electrical  engineer  of  this  Bureau. 
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chosen  with  some  regard  to  concerns  most  likely  to  have  recorded 
their  experience  and  also  to  have  had  very  considerable  experience. 
Consideration  was  also  given  to  selecting  large  manufacturing 
plants,  department  stores,  and  small  manufacturing  plants. 

In  the  inspections  and  conferences  an  effort  was  made  to  bring 
out  the  entire  experience  of  the  company  over  a  considerable 
period  as  well  as  to  ascertain  the  real  opinion  of  the  engineer. 
Effort  was  also  made  to  reach  the  individual  most  closely  con- 
cerned and  familiar  with  the  fuse  situation.  The  results  of  these 
inspections  are  given  below,  and  show  in  general  a  somewhat 
limited  demand,  use,  and  indorsement  of  the  Economy  fuse  even 
among  those  concerns  which  regularly  use  them.  In  general,  little 
abuse  of  nonrefillable  fuses  was  found  among  this  class  of  fuse 
users.     Details  of  the  inspections  follow. 

1.  A  group  of  office  buildiugs  in  Brooklyn,  N.  Y.,  with  a  chief  electrician  and  six 
others  in  charge.  Fuses  are  replaced  by  electricians  only  on  feeders  and  hall  lights; 
tenants  replace  their  own  fuses.  Two  hundred  and  fifty  to  three  hundred  fuses  are  in 
use.  No  troubles  have  developed  with  standard  new  fuses  except  a  few  bad  contacts 
with  the  knife-blade  type.  No  refilled  fuses  are  in  use.  Tests  are  made  to  see  if  the 
rating  is  correct.  Weekly  inspection,  which  includes  the  tenants'  premises,  is  made 
by  fire  underwriters.  Two  tenancies  were  inspected,  one  a  mattress  factory  in  which, 
out  of  10  fuses,  I  cut-out  was  found  bridged  with  copper  wire.  The  second  had  some 
Union  fuses  refilled  at  the  factory  which  gave  good  results  and  were  said  to  be  very 
close  to  rating, 

2.  A  lead  manufacturing  company  in  Brooklyn,  N.  Y.,  has  two  electricians  in  charge. 
Fuses  are  replaced  by  the  electricians  and  by  foremen  of  departments.  Sometimes 
such  fuses  are  refilled  at  the  cut-out.  Eight  hundred  cartridge  fuses  are  in  use,  400 
of  which  are  of  the  Economy  make.  Two  hundred  link  fuses  are  in  cabinets  and 
sump  motor  fuses  bridged  with  fuse  wire  are  used  to  care  for  starting  current.  In 
this  case  no  cabinet  was  used.  Trouble  has  been  experienced  with  old  Economy 
fuses  by  the  screws  loosening,  due  to  inelasticity  of  the  fuse  element  and  shrinkage 
of  the  fiber  shell.  They  are  said  to  blow  too  often.  As  far  as  known,  refilled  Economy 
fuses  are  properly  rated  and  safe  on  short  circuit.  Thirty  per  cent  of  motor  fuses  are 
replaced  annually,  and  500  per  cent  at  the  switchboards  having  motor  feeders,  appar- 
ently on  account  of  high  temperature  and  close  rating.  Foremen  are  held  responsible 
for  filling  material  and  correct  size  of  link  for  the  motors  under  their  charge.  The 
engineer  greatly  prefers  circuit  breakers  and  will  install  them  as  fast  as  the  company 
will  stand  the  expense.  A  sump  motor  circuit  has  fuse  holders  too  small  to  take  any 
standard  fuse.  A  sample  refillable  fuse  of  another  manufacture,  the  Fuseguard  Co., 
was  found.  This  company's  idea  is  to  use  ordinary  lead  wire  in  refilling  this  fuse  if 
it  is  safe  to  do  so. 

3.  A  group  of  10  loft  and  10  individual  buildings  has  one  chief  and  20  assistant  elec- 
tricians in  charge.  Fuses  are  replaced  only  by  electricians.  Fifteen  hundred  fuses 
are  under  their  control.  There  are  2200  fuses  in  the  tenants'  occupancies.  One  hun- 
dred circuit  breakers  are  used.  One  thousand  link  fuses  are  in  cabinets.  They  are 
using  50  new  t)-pe  Economy  fuses  for  experimental  purposes.  They  find  that  con- 
tacts in  these  fuses  are  bad  when  refilled  so  that  fuses  blow  under  load,  and  encourage 
bad  filling,  it  taking  too  long  a  time  for  inspectors  to  check  this.  Refilled  Economy 
fuses  were  sometimes  overloaded.     Principally  motor  fuses  are  replaced,  about  300 
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annually.  Probably  sell  200  renewals  per  year  to  tenants.  Do  not  prefer  Economy 
fuses  and  dislike'to  use  them  because  of  the  extra  trouble,  unwarranted  by  experience, 
and  the  temptation  to  improper  refilling,  particularly  setting  bad  example  to  tenants. 
The  fact  that  full  approval  is  not  given  to  Economy  fuses  by  the  Underwriters  is  con- 
sidered important.  Where  a  competent  man  is  always  on  the  ground,  they  believe  a 
safe  refillable  fuse  (nof  the  Economy)  may  be  an  advantage.  Fuses  are  an  inconsider- 
able expense  considering  the  amount  of  property  and  load  involved.  Inspection  of 
two  tenancies  resulted  in  the  finding  of  two  refilled  fuses  (G.  E.  Inspection  fo.). 
Cabinets  are  used  for  link  fuses,  but  the  others  are  mostly  in  the  open.  They  dislike 
the  G.  E.  Inspection  Co.'s  fuses.  Warnings  have  been  general  enough  to  prevent 
refilling  by  the  tenants. 

A  sugar  refinerj'  in  Brooklyn,  N.  Y.,  employs  i  chief  and  60  assistant  electricians. 
The  fuses  are  replaced  only  by  electricians  and  refilled  only  at  the  stock  room.  They 
use  2500  cartridge  fuses,  of  which  650  are  Economy  fuses.  One  hundred  and  fifty 
link  fuses  are  in  cabinets.  Their  experience  with  old  Economy  fuses  has  not  been 
extensive.  They  had  lots  of  filler  on  hand  and  used  this  with  a  few  of  the  new  type. 
No  one  but  electricians  ever  refill.  Frequency  of  blowing  is  not  serious.  Links  are 
sometimes  broken  when  being  bent  into  place,  but  they  do  not  consider  this  serious. 
No  trouble  experienced  by  loosening  of  contacts.  One  Economy  fuse  blew  the  end  off. 
They  dislike  the  indicator  of  approved  new  fuses,  as  it  is  regarded  as  a  probable  cause 
of  fire.  Among  the  standard  fuses  refilled  by  the  manufactiu'er  one  J.  M.  exploded 
several  years  ago.  At  the  present  time  manufacturers  refill  standard  packages  of  fuses 
retiuned  to  them.  Such  fuses  are  considered  satisfactory  and  are  apparently  prop- 
erly rated  and  safe  on  short  circuit.  Circuit  breakers  are  usually  in  series  with  motor 
circuits  having  short  circuits.  The  refilled  Economy  fuses  are  apparently  properly 
rated  and  safe  on  short  circuit.  They  do  not  prefer  the  Economy  fuses  except  that 
thay  save  a  certain  amount  of  expense,  but  might  use  more  if  the  Underwriters  did 
not  object. 

They  prefer  breakers  where  possible,  but  these  sometimes  stick  and  fuse  protection 
is  needed  in  addition.  Wlere  in  series  with  the  breaker  the  latter  operates  to  save 
the  fuse  from  blowing.  This  concern  makes  daily  inspection  of  motors.  Some  Econ- 
omy cartridges  are  made  up  for  plug  fuses  on  special  orders.  The  engineer  likes  link 
fuses  in  cabinets. 

4.  A  certain  large  office  building  in  New  York  City  has  a  chief  electrician  and  six 
assistants.  Fuses  are  replaced  only  by  the  electricians.  About  6660  cartridge  fuses 
are  used  and  60  copper  links  on  the  switchboard.  They  use  180  copper  link  fuses  in 
cabinets  on  the  feeders.     No  experience  has  been  obtained  with  the  Economy  fuse. 

They  think  that  with  different  sizes  of  fuse  the  wrong  element  might  probably  be 
used.  Indicators  are  considered  unreliable  on  the  approved  new  fuses,  but  no  other 
trouble  has  been  experienced.  Refilled  fuses  are  not  used.  About  500  ten-ampere 
cartridges  are  replaced  annually,  mostly  on  account  of  gas-filled  lamps  arcing  across 
terminals.  Annually  blow  1500  fuses  on  ordinary  lighting  circuits.  The  Economy 
fuse  might  be  an  advantage,  but  they  prefer  to  take  no  chance?  with  a  de\'ice  not 
fully  approved. 

It  would  take  three  years  for  the  Economy  fuses  to  be  a  paying  investment  if  the 
initial  cost  were  three  times  as  much  as  that  of  nonrefiUable  fuses.  They  would  not 
pay  on  motor  circuits.  On  nitrogen  lamp  circuits  they  would  save  their  cost  annually. 
Conditions  here  are  all  unusually  good  and  records  unusually  well  kept. 

5.  A  large  department  store  in  New  York  City  employs  six  electricians.  Fuses  are 
replaced  only  by  electricians  and  refilled  only  at  the  stock  room.  There  are  1700 
cartridge  fuses  in  use,  of  which  370  are  Economy  fuses.  Some  of  these  have  been  found 
to  be  improperly  refilled.  Experience  has  been  obtained  with  the  new  Economy 
fuses.  They  did  not  like  the  old  kind  and  did  not  use  them.  No  troubles  have 
developed  in  the  new  type.     They  have  used  fuses  refilled  by  contractors  who  for  all 
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they  know  may  have  used  copper  fuse  wire.  This  was  found  to  be  so  on  inspection. 
These  approved  types  of  refilled  fuses  have  not  been  properly  rated,  but  apparently 
are  giving  no  trouble.  The  refilled  Economy  fuses  are  properly  rated  and  safe  on 
short  circuit.  They  replace  1500  fuses  a  year,  mostly  on  motor  circuits  due  to  bad 
starting;  have  begun  to  use  circuit  breakers  in  some  places.  They  prefer  the  Econ- 
omy fuses  on  both  lighting  and  motor  circuits,  as  they  represent  economy  in  the  long 
run,  even  if  this  takes  some  years.  When  other  types  are  blown  they  expect  to 
replace  them  with  Economy  fuses. 

They  have  given  ver>'  little  consideration  to  the  fuse  question,  because  fuse  troubles 
have  been  so  infrequent. 

6.  A  large  department  store  in  New  York  City  has  one  chief  and  five  elec- 
tricians. Fuses  are  replaced  only  by  electricians,  and  are  refilled  at  the  stock  room. 
About  5400  cartridge  fuses  are  in  use,  of  which  200  are  Economy  fuses:  400  link  fuses 
are  used  on  the  switchboard.  Their  experience  with  old  Economy  style  of  fuses 
shows  that  the  screw  thread  loosens  and  the  fuse  blows  under  load.  No  trouble  has 
been  experienced  with  approved  new  fuses.  They  consider  that  refilled  approved  fuses 
cost  too  much  and  are  not  reliable.  They  have  had  no  experience  with  approved 
type  refilled  fuses.  Refilled  Economy  fuses  are  considered  to  be  properly  rated  and 
safe  on  short  circuit.  Twenty  per  cent  of  lighting  fuses  and  100  per  cent  of  motor 
fuses  are  refilled  annually.  They  did  not  prefer  the  Economy  fuse  and  do  not  use 
more  of  them  because  they  believe  that  positive  contact  with  solder  is  best,  and 
as  a  result  of  considering  the  cost  of  the  time  consumed  in  refilling,  especially  in 
small  quantities,  they  believe  they  are  not  economical.  They  do  not  use  the  Econ- 
omy fuse  on  lighting  circuits  because  of  blowing  under  load.  A  saving  of  $24  per 
year  by  15-ampere  renewal  links  after  the  first  year  is  effected  by  using  Economy 
fuses  on  motor  circuits. 

7.  A  large  store  handling  men's  furnishings  in  New  York  City  employs  three  electri- 
cians. Fuses  are  replaced  by  electricians  only,  and  are  refilled  only  at  the  stock  room. 
They  use  3612  cartridge  fuses,  of  which  406  are  Economy.  One  hundred  link  fuses 
are  used  on  the  switchboard.  Their  experience  with  new  Economy  fuses  leads  them 
to  believe  that  they  should  be  stamped  with  the  rating  on  the  ferrule.  Approved 
new  fuses  sometimes  flash  at  the  indicator  and  injure  persons.  The  indicator  is  not 
reliable.  They  do  not  have  any  trouble  v/ith  approved  type  refilled  or  bridged  fuses, 
but  find  the  cost  of  refilling  nearly  as  much  as  that  of  an  approved  fuse.  Refilled 
fuses  are  not  satisfactory  and  they  have  not  recently  returned  fuses  to  the  manufacturer 
for  refilling.  They  believe  Economy  fuses  are  properly  rated  and  safe  on  short  circuit. 
They  have  on  hand  1000  renewals,  including  400  Economy  casings  and  600  Economy 
links.  They  prefer  the  Economy  fuses  and  are  replacing  other  types  as  fast  as  they 
blow. 

8.  A  large  furniture  store  in  New  York  City  employs  three  electricians.  All  fuses 
are  replaced  only  by  electricians,  so  that  the  trouble  causing  blowing  can  be  foimd. 
Ten  cartridge  fuses  are  used,  and  50  link  fuses  in  cabinets  are  used  on  motor  circuits. 
On  lighting  circuits  there  are  750  link  fuses  used  in  cabinets.  No  experience  has 
been  had  with  Economy  fuses.  No  troubles  have  been  met  in  the  use  of  the  approved 
fuses.  About  30  fuses  are  renewed  annually,  mostly  links  in  the  lo-ampere  lighting 
circuits.     Do  not  use  Economy  fuses,  as  the  present  fuses  are  entirely  satisfactory. 

Fuse  trouble  presents  no  problem  whatever.  At  the  v/arehouse  1000  cartridge 
fuses  are  used.  A  few  Economy  fuses  were  used,  but  were  ordered  out  by  the  Under- 
writers' inspector.  This  company  thinks  this  action  was  very  proper,  on  account  of 
the  danger  of  improper  refilling. 

9.  A  large  hotel  in  New  York  City  employs  12  electricians.  Fuses  are  replaced 
only  by  electricians,  except  where  a  fuse  is  moved  from  one  cut-out  to  another.  About 
600  fuse  links  are  used  at  switchboards.     There  are  7000  cartridge  fuses  used  for  light- 
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ing  circtiits.  A  few  cartridge  fuses  are  improperly  refilled.  Some  link  fuses  are  used 
for  heaters.  Some  question  has  arisen  in  the  case  of  the  approved  fuses  as  to 
whether  complete  inclosure  should  not  require  a  separate  rating.  Cartridge  fuses 
have  been  replaced  for  this  reason  in  some  heater  circuits,  as  they  prefer  screw  con- 
tacts. They  find  the  indicator  on  approved  cartridge  fuses  unreliable.  The  refilling 
cost  is  negligible,  as  the  regular  fuse  wire  is  used  and  holes  are  drilled  in  the  cartridge 
to  receive  the  fuse  element.  They  are  perfectly  satisfactor)-.  Manufacttuers'  refills 
are  too  expensive.  These  refilled  fuses  blow  under  rating,  and  are  apparently  safe  on 
short  circuit.  About  3000  fuse  replacements  are  made  annually.  They  dislike  the 
Economy  fuse,  as  they  anticipate  that  these  fuses  are  too  easily  wrongly  refilled  and 
they  are  not  approved.  Upon  inspection  of  a  number  of  boxes  non  refilled  approved 
fuses  could  be  detected. 

The  cost  of  fuses  is  considerable,  but  the  use  of  open  links  might  bum  men  in  han- 
dling or  replacing  them.  They  find  it  much  harder  to  replace  links,  and  short  circuits 
will  often  occiu". 

10.  A  large  department  store  in  New  York  Citj-  employs  foiu-  electricians.  The 
fuses  are  replaced  only  by  electricians;  2100  approved  cartridge  fuses  are  in  service. 
Tliey  find  that  the  indicators  of  the  approved  fuses  are  generally  reliable.  There  are 
100  fuse  replacements  annually.  They  do  not  use  Economy  fuses,  as  they  prefer  to 
have  the  manufacturer  responsible  for  the  fuse.  Fuse  expense  is  not  regarded  as 
serious.     Careful  inspections  are  made. 

11.  A  manufacturing  company  in  New  Haven,  Conn.,  employs  two  electricians,  who 
replace  all  fuses.  They  have  no  cartridge  fuses  in  service,  of  which  eight  are  Econ- 
omy. Forty  link  fuses  are  used  in  cabinets.  Their  experience  with  new  Economy 
fuses  has  indicated  that  trouble  comes  from  loose  contact  by  insufficient  tightening  of 
fuse  parts.  There  are  two  such  cases  out  of  eight  fuses  used.  Expense  is  the  only 
difficulty  with  the  approved  type  of  fuse.  About  50  fuses  are  replaced  annually, 
mostly  of  the  30-ampere  size  on  motor  circuits.  They  prefer  the  Economy  fuse, 
because  of  low  maintenance  cost,  and  do  not  use  more  because  they  had  a  large  stock 
of  approved  fuses  on  hand. 

12.  A  tool  manufacturing  company  in  New  Haven,  Conn.,  employs  one  electrician. 
Fuses  are  replaced  by  the  electrician ,  and  are  refilled  at  the  stock  room  only.  One  hun- 
dred and  ten  cartridge  fuses  are  in  service,  of  which  20  are  of  the  Economy  make. 
A  few  of  the  Economy  fuses  were  improperly  refilled.  They  have  had  experience 
with  old  and  new  type  of  Economy  fuses.  No  troubles  have  developed  in  the  new 
t\-pe.  In  the  old  type  the  loose  contact  caused  the  fiber  threads  to  char  and  made 
replacements  impossible.  This  resulted  from  change  in  temperature  and  humidity 
and  made  the  cost  large.  They  consider  this  would  also  affect  any  other  solderless 
contact.  They  find  tlie  indicator  of  new  approved  fuses  to  be  unreliable,  but  have 
had  no  other  trouble  with  them.  Refilled  Economy  fuses  are  foimd  to  be  properly 
rated,  except  when  some  have  been  refilled  with  fuse  wire  when  the  elements  were 
not  in  stock.  About  50  cartridge  fuses  are  replaced  annually,  mostly  of  the  60-ampere 
size.  They  do  not  prefer  the  Economy  fuse  unless  the  new  type  performs  better  than 
the  old.  They  found  the  Economy  fuses  to  be  less  reliable  because  of  loose  contact, 
especially  after  refilling.  They  may  save  $15  annually  at  an  initial  cost  of  $50  in 
fuses  on  the  motor  circuits. 

13.  A  manufacturing  company  in  New  Haven,  Conn.,  employs  tliree  electricians 
who  replace  all  fuses  except  when  the  engineer  or  a  few  of  the  foremen  replace  10- 
ampere  lighting  fuses.  About  460  cartridge  fuses  are  in  use,  a  few  of  which  are  im- 
properly refilled.  They  consider  the  new  approved  fuses  to  have  unreliable  indica- 
tors, but  to  be  otherwise  satisfactor}'.  Refilled  approved  fuses  are  apparently  satis- 
factory. They  refill  the  small  cartridges  in  the  plug  type  of  fuse  witli  the  proper  size 
of  fuse  wire  and  consider  them  to  be  satisfactory.  Ten  cartridge  fuses  and  50  plug 
fuses  are  replaced  annually.     They  do  not  prefer  the  Economy  fuse  as  it  does  not 
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pay  to  bother  with  refilling  when  so  few  are  blown,  and  consider  it  much  better  to 
get  a  thoroughly  reliable  fuse  manufactured  in  a  good  shop.  The  purchasing  agent 
bought  a  lot  of  Economy  fuses,  but  the  electrician  does  not  wish  to  bother  with  them. 
Fuse  trouble  is  no  problem  where  the  plant  is  well  maintained  and  circuits  properly  de- 
signed. All  fuses  are  placed  in  cabinets,  except  some  on  the  ceiling.  Some  annoyance 
during  installation  by  blowing  fuses  led  them  to  purchase  a  large  number  of  Economy 
fuses,  some  of  which  have  been  used  during  that  period,  with  a  very  few  subsequently, 
to  replace  blown  ones.  At  their  rate  of  blowing  it  would  take  about  10  years  for  the 
E<»nomy  fuses  to  be  a  real  economy,  if  the  cost  is  twice  as  much  as  nonrefillable  fuses. 
They  had  undoubtedly  not  figured  verj-  closely  when  they  first  began  to  purchase. 

14.  A  business  house  in  New  Haven,  Conn.,  employs  one  electrician,  who  replaces 
all  fuses.  He  sometimes  replaces  fuses  at  tlie  cut-out.  Sixty  cartridge  fuses  are  in 
use,  of  which  20  are  of  the  Economy  manufacture.  They  have  had  experience  only 
with  the  old-style  Economy  fuses.  Their  trouble,  which  they  consider  their  own 
fault,  has  been  due  to  loose  contacts.  They  consider  that  some  of  the  new  approved 
cartridge  fuses  have  loose  ends,  and  they  find  that  hands  have  been  cut  by  the  indi- 
cators. The  indicators  are  considered  unreliable.  Refilled  Economy  fuses  are  con- 
sidered to  be  properly  rated.  Six  fuse  replacements  occur  annually.  They  prefer 
to  use  the  Economy  fuse  and  in  time  will  have  a'large  stock  of  them,  but  do  not  wish 
to  throw  the  other  fuses  away  until  they  blow. 

15.  A  manufacturing  company  in  New  Haven,  Conn.,  employs  loi  electricians,  who 
replace  all  fuses.  They  refill  fuses  at  the  stock  room  only.  Approximately  6050 
cartridge  fuses  are  in  use,  of  which  400  lo-ampere  fuses  are  of  the  Economy  make. 
Their  experience  with  new  Economy  fuses  has  resulted  in  one  case  of  a  cap  blowing 
off  on  short  circuit  and  one  case  of  puncturing  imder  the  ferrule.  No  trouble  has 
been  experienced  with  loose  contacts  or  burning.  Some  knife-blade  types  of  stand- 
ard new  fuses  have  burned  and  charred  and  one  has  blown  the  filling  out  at  one  end. 
They  do  not  find  it  feasible  to  send  fuses  to  be  refilled  by  the  manufacturer.  The  cost 
is  one-third  that  of  new  fuses  and  their  rating  is  bad.  One  hundred  new  fuses  burst, 
the  filling  of  which  looked  like  plaster  of  Paris.  They  did  not  consider  these  to  be 
safe  on  short  circuit.  Consider  refilled  Economy  fuses  to  be  properly  rated  in  the 
size  they  use  and  safe  on  short  circuit.  One  cartridge  is  good  for  50  renewals.  About 
2500  standard  fuses  and  20  000  Economy  elements  are  used  annually.  They  do  not 
prefer  the  Economy  fuse  and  do  not  use  more  because  of  accidental  mixture  of  sizes  of 
elements  and  consequent  overfusing.  They  use  but  one  size  of  element  in  all  the 
Economy  fuses.  Small  circuit  breakers  have  been  tried,  but  are  hard  to  make  work 
well,  and  the  Economy  fuse  is  used  purely  on  account  of  expense,  not  of  convenience. 

The  company  believes  circuit  breakers  should  be  used  where  fuses  blow  frequently 
on  variable  duty  machines.  Otherwise  they  prefer  fuses  as  requiring  less  attention 
and  having  a  small  cost.  All  fuses  are  in  cabinets.  Daily  inspections  are  made  in 
their  factory  by  three  special  fire  inspectors,  in  addition  to  inspection  of  electricians. 
The  extra  insurance  is  considered  to  justify  having  fuses  inclosed  in  cartridges  and 
cabinets  as  well. 

16.  A  dry -goods  company  in  Bridgeport,  Conn.,  employs  two  electricians,  who 
replace  all  fuses.  Fuses  are  sometimes  refilled  at  the  cut-out.  Three  htmdred  and 
forty  cartridge  fuses  are  in  service,  of  which  six  are  of  the  Economy  make.  They 
have  had  no  trouble  with  new  Economy  fuses.  Refilled  Economy  fuses  are  appar- 
ently properly  rated  and  safe  on  short  circuit;  100  fuse  replacements  are  made  annu- 
ally.    They  prefer  the  Economy  fuse  and  will  use  more,  as  other  cartridge  fuses  blow. 

It  appears  that  it  would  take  five  or  six  years  at  current  differences  in  prices  to  make 
Economy  fuses  pay  in  this  installation,  but  it  does  not  seem  to  have  been  considered 
before  by  the  engineer.  They  have  never  considered  the  use  of  circuit  breakers  in 
place  of  links  on  the  switchboard.     They  have  had  trouble  from  heating  of  joints 
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between  the  fuse  metal  and  copper  tips,  due  to  expansion  and  contraction.     They 
now  have  some  large  unnotched  flat  fuse  strips  directly  held  under  terminals. 

17.  A  factor)^  in  Bridgeport,  Conn.,  employs  three  electricians,  who  replace  all 
fuses.  They  use  634  cartridge  fuses.  They  consider  the  indicators  on  standard  new 
cartridge  fuses  to  be  irm-eliable.  Have  tried  some  refilled  approved-type  fuses,  but 
found  them  verj'  imsatisfactorj'.  They  are  considering  having  fuses  refilled  by  the 
manufacturer.  Their  refilled  fuses  have  cost  20  per  cent  less  than  new  ones,  but  blew 
under  rating.  They  do  not  consider  refilled  Economy  fuses  to  be  properly  rated. 
One  hundred  cartridge  fuses  are  replaced  annually.  They  do  not  prefer  the  Economy 
fuse ,  but  are  not  particularly  interested ,  as  their  fuse  troubles  are  not  serious.  They  do 
not  want  refillable  fuses  ever\T\-here,  as  they  are  too  easily  refilled  improperly.  They 
might  use  them  if  the  fuses  were  approved.  It  is  easy  to  detect  an  abuse  of  approved 
fuses,  but  not  easy  to  find  wTong  refilling  of  the  Economy  fuse. 

This  firm  has  never  used  any  Economy  fuses.  All  fuses  are  in  locked  cabinets. 
Fused  rosettes  are  used  to  avoid  a  large  number  of  lights  being  out  at  the  same  time 
and  interfering  with  the  work. 

18.  A  manufactiuing  company  in  Bridgeport,  Conn.,  employs  one  electrician,  who 
replaces  all  fuses.  About  370  cartridge  fuses  are  in  service,  of  which  50  are  of  the 
Economy  make.  No  experience  has  been  had  vdtb.  the  new  tjipe  of  Economy  fuse. 
They  have  foimd  the  old  style  to  blow  owing  to  poor  contact.  They  consider  refilled 
Economy  fuses  to  be  properly  rated;  50  fuse  replacements  are  made  annually.  Econ- 
omy fuses  are  preferred  because  they  can  be  stocked  more  easil)'  and  the  renewal 
elements  can  be  carried  in  the  pocket.  They  think  there  might  be  a  chance  for 
error  with  different  size  elements,  but  would  use  more  if  they  were  approved.  All 
fuse  cut-outs  are  placed  in  cabinets. 

19.  A  manufacturing  company  in  Bridgeport,  Conn.,  emplo>-s  three  electricians, 
who  replace  all  fuses,  some  of  which  are  refilled  at  the  cut-out.  About  312  cartridge 
fuses  are  in  service,  of  which  100  are  of  the  Economy  make.  They  have  used  only 
the  new  t}-pe  of  Economy  fuse  and  find  that  losses  of  small  parts  cause  a  loss  of  the 
casings.  The  elements  break  at  the  bend.  They  have  refilled  approved  fuses  by 
drilling  through  the  cap,  inserting  a  wire  and  replacing  the  powder.  They  were  not 
sure  of  the  rating  of  such  fuses,  but  they  were  apparently  safe  on  short  circuits. 
Refilled  Economy  fuses  are  probably  properly  rated  and  safe  on  short  circuit.  One 
himdred  cartridge  fuses  are  refilled  annually.  They  prefer  to  use  Economy  fuses 
because  they  can  keep  a  large  stock  of  elements  on  hand.  There  is  no  reason,  there- 
fore, for  ha\dng  a  circuit  ^Wthout  a  fuse.  Their  experience  has  been  only  with  small 
sizes.  They  would  rather  take  the  extra  time  required  to  replace  the  Economy  fuses 
than  to  have  the  men  look  for  the  cause  of  the  trouble. 

Circuit  breakers  are  in  practically  everj'  motor  circuit,  including  the  very  small 
ones.  They  believe  that  breakers  are  the  only  proper  protection  for  motors.  All 
fuse  cut-outs  are  in  cabinets. 

20.  An  iron  works  in  Bridgeport,  Conn.,  employs  two  electricians,  who  replace  all 
fuses.  Such  fuses  are  refilled  only  at  the  stockroom.  One  hundred  and  ten  cartridge 
fuses  are  in  ser\^ce,  of  which  four  are  of  the  Economy  make.  They  have  had  no 
trouble  in  the  use  of  the  new  Economy  fuses  or  in  the  new  approved  tj-pes.  Appar- 
ently the  refilled  Economy  fuses  are  properly  rated  and  safe  on  short  circuits.  Fifty 
replacements  occiu'  annually.  They  prefer  the  Economy  fuses  for  motor  circuits, 
except  that  where  practicable  circuit  breakers  are  always  preferred  to  everj-thing 
else.     They  expect  to  use  more  as  time  goes  on. 

They  have  only  one  small  size  of  Economy  fuse,  and  their  experience  has  been  only 
that  of  three  or  four  months,  so  they  do  not  speak  \dth  confidence.  The  fact  that  a 
large  stock  of  renewals  can  be  kept  on  hand  makes  them  think  that  replacements 
would  be  quicker  and  surer.  However,  if  foremen  refill  they  believe  the  waste  of 
time  would  be  verj'  expensive  and  the  chance  for  wrong  refilling  verj'  great. 
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21.  A  manufacturing  company  in  Bridgeport,  Conn.,  employs  22  electricians,  who 
replace  all  fuses  except  where  workmen  surreptitiously  change  fuses  from  one  cut-out 
to  another.  Fuses  are  refilled  only  at  the  stock  room.  Several  thousand  cartridge 
fuses  are  in  use,  of  which  75  are  of  the  Economy  make.  A  few  of  the  latter  have  been 
improperly  refilled.  They  have  found  both  the  old  and  new  style  Economy  fuses  to 
blow  under  load,  but  no  otlier  trouble  has  been  experienced  -with  them.  They  con- 
sider new  approved  fuses  to  have  unreliable  indicators.  They  refilled  approved  fuses 
up  to  31  amperes,  but  the  Chase-Shawmut  fuse  requires  so  much  refilling  that  they 
gave  up  the  idea.  They  do  not  consider  fuses  refilled  at  the  factory  satisfactory,  as 
such  fuses  are  more  liable  to  be  improperly  refilled.  They  take  more  chances  of 
getting  improper  re-fusing  than  by  doing  the  refilling  themselves.  Refilled  fuses  are 
considered  to  be  properly  rated  and  safe  on  short  circuit  both  of  the  approved  and 
Economy  types.  About  250  fuses  are  replaced  annually,  including  the  Economy 
make.  They  prefer  the  Economy  fuses  for  large  circuits.  Small  fuses  would  not  pay 
because  of  the  infrequent  blowing  and  the  very  little  cost  of  approved  fuses.  They 
will  probably  use  more  Economy  fuses. 

This  firm  has  done  considerable  refilling  of  their  own  fuses,  but  after  some  conver- 
sation and  the  showing  of  some  samples  we  had  collected  they  seemed  not  very  proud 
of  their  present  practice.     They  could  not  find  any  of  their  own  refilled  fuses. 

It  is  noteworthy  that  of  23  large  users  of  fuses  (totaling  over  45  000  fuses  in  service 
and  about  8000  replacements  annually,  exclusive  of  the  peculiar  single  case  where 
20  000  annually  are  blown  in  one  room ) ,  chosen  from  a  list  of  reported  users  of  Economy 
fuses,  7  reported  no  use  of  such  fuses,  5  reported  experience  only  with  old  types,  and 
2  more  have  practically  none  with  tlie  new  type.  Twelve  do  not  prefer  Economy 
fuses  to  nonrefillable,  and  9  give  reasons  for  disliking  the  former.  Of  those  5  having 
experience  only  with  old  types  of  Economy  fuses  2  dislike  this  fuse.  Most  of  the 
favorable  experience  is  reported  from  those  companies  having  tried  the  new  kind, 
but  these  report  a  comparatively  short  experience. 

On  the  whole  the  advantage  in  the  use  of  Economy  fuses  has  apparently  been  em- 
phasized by  users  less  than  would  be  expected  of  a  thoroughly  satisfactory  device,  and 
the  new  type  has  not  yet  been  in  use  long  enough  or  in  large  enough  numbers  to 
entirely  demonstrate  its  advantages. 

INSPECTIONS  IN  PHILADELPHIA,  PA. 

In  order  to  investigate  the  condition  of  fuses  at  Philadelphia  in 
the  occupancies  commonly  known  as  "sweatshops,"  the  writer " 
spent  two  days  (June  28  and  29,  191 5)  in  that  city  visiting  these 
risks. 

I  inspected  about  22  occupancies  in  13  buildings  on  the  first  day,  at  separate  selected 
points  in  that  district.  I  found  the  conditions  so  bad  that  I  arranged  to  take  one  city 
block  and  visit  as  many  of  the  occupancies  as  I  could  in  the  time  allotted.  The  second 
day  I  visited  41  occupancies  in  23  buildings. 

I  inspected  altogether  379  cartridge  fuses  and  at  least  7  5  plug  fuses  and  found  only  one 
Economy  fuse  in  service.  Of  these,  17  cartridge  fuses  had  been  bridged  with  copper, 
steel,  and  other  wires  of  high  melting  point  and  large  sizes  of  fuse  wires.  I  brought 
back  36  samples  taken  from  23  separate  cut-outs. 

The  conditions  of  overfusing  and  bridging  of  fuses  are  very  bad  and  present  serious 
hazards  in  almost  every  place  visited.  It  is  certainly  time  that  something  should  be 
done  to  help  these  conditions.  There  is  a  great  need  of  making  a  decided  improvement 
in  these  occupancies. 

"  F.  W.  Gladiag,  an  associate  electrical  engineer  of  this  Bureau. 
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I  find  that  the  inspectors  expect  a  large  amount  of  overfusLng,  and  they  blame  the 
present  designs  of  fuses  for  the  conditions.  Many  30-ampere  fuses  were  in  use  where 
lo-ampere  fuses  would  be  sufficient.  This  may  be  due  to  the  30-ampere  and  the  10- 
ampere  cartridge  fuse  cases  being  made  to  the  same  dimensions.  Many  of  these  30- 
ampere  fuses  as  well  as  the  knife-blade  type  show  much  overheating,  resulting  in  a 
rapid  deterioration  of  fhe  contacts.  There  were  a  number  of  large  blo^^•n  fuses  the 
fusing  of  which  could  hardly  be  accounted  for  except  by  overheating  and  consequent 
drawing  of  temper  of  the  fuse  clips.  I  saw  many  of  the  larger  fuses  in  use  where  the 
heating  was  very  codsiderable. 

INSPECTIONS  MADE  JUNE  28,  1915 

1.  Clothing  manufacturer:  Eight  cartridge  fuses  were  inspected.  Two  25-ampere 
fuses  were  used  on  a  3-horsepower,  220-volt  direct-current  motor. 

2.  Eight  plug  fuses  were  inspected.     There  was  apparently  no  abuse  of  fuses. 

3.  Hosiery  manufacturer:  Twelve  inclosed  fuses  were  inspected  in  basement. 
Removed  one  50-ampere  (D.  &  W.)  and  one  60-ampere  (unknown  make)  cartridge 
fuses  as  samples  from  the  customer's  service.  Each  of  these  was  bridged  in  the 
cut-out  with  a  piece  of  fuse  wire.  The  coil  of  fuse  wire  sho^^•n  had  been  left  probably 
for  future  use.  The  owner  replaced  these  with  new  fuses,  which  he  purchased  at  the 
time  at  the  request  of  the  Underwriters'  inspector.  Removed  two  cartridge  fuses 
{tmknown  capacity)  and  probably  blown  in  cut-outs  controlling  a  5-horsepower, 
220-volt  elevator  motor,  replacing  them  with  two  30-ampere  good  fuses.  The  fuses 
removed  were  bridged  in  the  cut-out  clips  with  copper  wire.  One  fuse  shows  burn- 
ing and  fusing  of  the  copper  wire.  The  clips  were  badly  biuned  and  the  contact 
with  the  ferrules  was  very  poor,  with  considerable  heating.  The  switch  and  cut-out 
was  placed  in  a  horizontal  position  moimted  on  the  ceiling.  The  remaining  eight 
■cartridge  fuses  were  apparently  all  right. 

4.  Eight  cartridge  fuses  were  inspected,  which  were  apparently  all  right. 

5.  Eight  cartridge  fuses  were  inspected.  The  exhibit  was  taken  from  a  cut-out 
on  a  i-horsepower,  220-volt  sewing-machine  motor.  Originally  it  was  a  6-ampere 
"Arkless  fuse"  N.  E.  C.  S.  made  by  the  Detroit  Fuse  Manufactiuing  Co.,  but  it 
had  been  refilled  with  copper  wire.  This  was  replaced  with  a  lo-ampere  fuse.  The 
other  seven  fuses  were  apparently  all  right. 

6.  Twelve  cartridge  fuses  were  inspected  in  the  basement.  One  switch  in  this 
basement  showed  evidences  of  burning.     The  fuses  were  apparently  all  right. 

7.  Two  cartridge  fuses  were  inspected;  apparently  all  right.  Inspector  remarked 
that  on  previous  inspection  a  nail  was  driven  through  one  of  the  fuses  on  the  elevator- 
drive  circuit. 

8.  Four  cartridge  fuses  inspected  were  apparently  all  right.  In  a  previous  inspec- 
tion a  30-ampere  switch  and  cut-out  had  been  ordered  removed,  so  we  found  a  new 
switch  and  cut-out.  The  clips  on  the  former  cut-out  were  said  to  have  been  destroyed 
by  the  fuse  wire  being  loosely  laid  in  same;  the  bad  contact  had  caused  severe  arcing 
and  destroyed  them. 

9.  Sign  manufacturer:  Twelve  cartridge  fuses  were  inspected.  The  cut-out  for  a 
3-horsepower,  220-volt  motor  for  running  the  house  water  pump  had  one-fourth  of 
tlie  clips  on  one  side  burned  off.  The  other  side  had  a  copper  wire  shunted  arotmd 
the  fuse,  so  providing  single  fuse  protection  through  a  set  of  bad  clips. 

10.  Six  cartridge  fuses  were  inspected.  Two  fuses  were  removed  and  a  No.  14 
B.  &  S. gauge  rubber  insulated  copper  wire,  with  insulation  removed  from  two  ends, 
making  contact  at  each  end  clip,  was  used  on  one  side.  The  other  side  had  numerous 
strands  of  fine  steel  wire  (about  No.  36  gauge),  making  up  to  about  a  No.  12  B.  &  S. 
gauge.  This  was  not  removed.  The  slate  base  was  pitted  and  discolored  from  past 
blowing.  A  piece  of  fuse  ^vire  was  taken  from  the  bottom  of  the  cabinet,  showing 
another  possibility  of  abuse. 
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11.  Two  cartridge  fuses  were  inspected.  Two  15-ampere  N.  E.  C.  S.  Johns-Pratt 
fuses  were  removed  for  exhibit  and  replaced  with  two  lo-ampere  fuses.  Both  the 
15-ampere  fuses  had  apparently  blown  and  were  respectively  bridged  with  35  and 
40  ampere  G.  E.  company  copper-tipped  link  fuses.  We  also  noted  in  tliis  place 
No.  14  B.  &  S.  gauge  BX  cable  having  15  amperes  as  the  allowable  safe  carrying 
capacity. 

12.  Basement,  clothing  mantifacturer:  Four  cartridge  fuses  were  inspected  in  base- 
ment; mostly  Edison  plug  fuses  are  used  for  the  five  clothing  manufacturers  who 
occupy  this  building.  The  total  number  of  fuses  inspected  was  not  counted.  We 
saw  one  _3o-ampere,  i  lo-volt  suitch  on  the  220-volt  circuit,  which  has  been  condemned 
by  inspection  service. 

13.  Twenty-four  cartridge  fuses  were  inspected  in  the  basement.  These  were  on 
the  switchboard  of  a  private  220-volt  plant.  In  one  instance  a  6o-ampere  (Shawmut 
N.  E.  C.  S.)  fuse  had  been  refilled  with  a  No.  6  B.  &  S.  gauge  copper  wire,  no  filler 
being  used.  The  solder  had  been  melted  at  one  end,  making  poor  contact.  A 
50-ampere  fuse  (type  A  clips)  was  used  in  clip  contacts.  The  type  A  clips,  whose 
diameter  was  larger  than  the  fuse,  were  bent  around  it  and  there  was  barely  a  line 
contact  on  one  side. 

One  clip  on  the  main  switchboard  had  evidently  been  damaged  by  abuse  through 
bridging  with  wire  in  the  past,  as  a  small  piece  of  fuse  wire  was  found  around  the 
upper  clip,  one  end  having  been  fused  off.  One  clip  also  had  one-fourth  of  its  metal 
fused  off. 

14.  Two  cartridge  fuses  showed  indications  of  improvised  fusing  by  tlie  bums 
on  the  slate  base.  Other  fuses  were  apparently  all  right.  They  had  in  service  on 
this  floor  two  Economy  fuses,  with  filler.     These  looked  all  right. 

15.  Two  30-ampere  inclosed  fuses  in  basement  were  inspected.  They  were  some- 
what corroded  from  dampness,  but  otherwise  apparently  all  right. 

16.  Two  cartridge  plug  fuses  were  inspected.  A  one-half  horsepower  rheostat  on 
one-fourth  horsepower,  220-volt  motor  was  fused  with  20  and  25  ampere  fuses.  Actual 
full  load  current  of  motor  about  i  ampere. 

17.  Two  cartridge  fuses  were  inspected.  One  6-ampere  Union  N.  E.  C.  S.  cartridge 
fuse  was  blown  and  fused  with  piece  of  fuse  wire  placed  alongside  it.  The  other  fuse 
was  blown  and  was  also  bridged  with  about  a  No.  30  B.  &  S.  steel  wire.  Capacity 
of  this  fuse  was  not  marked. 

18.  Electrical  contractor,  dealer  in  second-hand  motors  and  sewing  machines. 
This  man  does  the  work  at  occupancy  cited  No.  16.  Five  cartridge  fuses  were  in- 
spected. They  had  an  emery  wheel  on  the  first  floor  driven  with  a  one-half  horse- 
power motor.  It  was  fused  with  one  30-ampere  fuse  of  unknown  make,  and  one 
lo-ampere  Union  N.  E.  C.  S.  fuse,  both  blown.  One  was  bridged  with  copper  and 
the  other  with  fuse  wire.  In  the  basement  we  found  on  tlie  service  a  25-ampere 
Johns-Pratt  N.  E.  C.  S.  blown  fuse  bridged  with  a  piece  of  fuse  wire. 

19.  Knitting  companj-:  Ten  cartridge  fuses  were  inspected.  We  did  not  find 
any  overfusing,  but  did  find  much  heating  at  clip  contacts.  This  might  have  been 
due  to  imperfect  contact  caused  by  the  large  amount  of  cotton  flying  aroimd  from  the 
knitting  machines. 

20.  Twelve  cartridge  fuses  inspected  in  basement  were  apparently  all  right. 

21.  Coat  and  apron  manufacturing  company:  Four  cartridge  fuses  were  inspected. 
One  branch  circuit  was  fused  with  15-ampere  cartridge  plug  fuses.  One  was  bridged 
with  copper  wire,  and  signs  of  burning  were  noted  on  shell  of  plug  and  at  contacts. 
Furtlier  abuse  was  seen  in  the  loose  fuse  wire  in  the  cases.  The  threaded  portion  of 
one  plug  case  showed  considerable  thread  burned  away,  due  to  bad  contact. 

22.  Number  of  fuses  was  not  noted.  Edison  plug  fuses  used  were  apparently  all 
right. 


1 68  Technologic  Papers  of  the  Bureau  of  Standards 

INSPECTIONS  MADE  JUNE  29,  1915,  MOSTLY  IN  ONE  CITY  BLOCK. 

23.  Forty  fuses,  plug  type,  were  inspected.  Five  cartridge  fuses  inspected  were 
apparently  all  right. 

24.  Eight  cartridge  fuses  inspected  were  apparently  all  right. 

23.  Two  cartridge  fuses  were  inspected.  We  found  one  30-ampere  fuse  on  one  side 
of  a  2  horsepower  motor  using  No.  14  wire.  There  was  a  6-ampere  fuse  on  the  other 
side. 

A  second  circuit  had  a  30-ampere  fuse  and  the  case  was  considerably  marred,  ap- 
parently due  to  tampering  with  it.  Small  particles  of  solder  had  extended  beyond 
the  end  of  the  ferrule. 

We  took  as  samples  two  Shawmut  fuses,  one  6-ampere  and  one  25-ampere,  from 
cartridge  plug  fuse  cases,  as  the  filling  and  solder  looked  suspicious.  These  were 
found  to  be  refilled  with  lead  fuse  wire.  The  branch  on  which  these  were  used  had 
only  one  lamp. 

26.  Two  15-ampere  cartridge  fuses  on  a  3-horsepower,  220-volt,  motor  were  ap- 
parently all  right. 

27.  Optical  company:  Twelve  Edison  plug  fuses  in  a  cabinet  were  inspected  and 
were  apparently  all  right. 

28.  Electrical  contractor;  Three  cartridge  fuses  were  inspected  in  basement.  One 
15-ampere  cartridge  fuse  in  neutral  and  two  lo-ampere  on  outside,  apparently  all 
right. 

29.  Shoe  manufacturing  company:  Foiu'  cartridge  fuses  inspected  were  apparently 
all  right. 

30.  Two  plug  fuses  were  inspected  and  found  apparently  all  right. 

31.  Express  company:  Six  cartridge  fuses  were  inspected.  Four  lo-ampere  fuses 
were  apparently  all  right.  One  20-ampere  cartridge  fuse  with  type  A  clip  was  blown, 
and  a  copper  tip  G.  E.  link  fuse  placed  under  the  binding  post. 

32.  Two  Edison  plug  fuses  on  small  motor  were  apparently  all  right.- 

23.  Raincoat  manufacturing  company:  Twelve  cartridge  fuses  were  inspected. 
Four  fuses  were  apparently  all  right.  Two  of  tliese  four  are  lo-ampere  capacity  on 
i-horsepower  motor.  One  had  four  strands  and  some  extra  pieces  of  No.  36  B.  &  S. 
gauge  copper  wire  wound  around  the  clip.     The  other  fuse  was  apparently  all  right. 

34.  Six  cartridge  fuses  were  inspected.  One  30-ampere  and  one  15-ampere  fuse 
on  3  horsepower,  220-volt,  motor  were  apparently  all  right.  Of  two  Edison  plug 
fuses  used,  one  had  the  cap  off.  Two  main  fuses  on  this  floor  were  apparently  all 
right.  In  the  basement  on  tliis  consumer's  circuits,  there  were  two  cartridge  fuses. 
One  30-ampere  N.  E.  C.  S.  Johns- Pratt  fuse  was  burned  out  but  supplemented  with 
G.  E.  copper  tip  35-ampere  link  fuse. 

35.  Two  cartridge  fuses  were  inspected.  Breaker  and  fuses  on  a  Morse-Williams 
elevator.  On  tlie  meter  board  were  two  35-ampere  fuses,  and  three  open-link  fuses  in 
an  asbestos  wood  cabinet.  Asbestos  was  removed  from  the  door.  The  link  fuses  were 
mounted  on  porcelain  base  not  at  present  approved.  This  was  doubtless  a  very  old 
installation. 

36.  Four  cartridge  fuses  were  inspected.  Five  Edison  plug  fuses  in  basement  were 
apparently  all  right.  Two  20-ampere  cartridge  fuses  on  No.  14  wire  (5  amperes  over- 
fused). 

37.  Four  cartridge  fuses  were  inspected,  also  two  plug  fuses,  all  apparently  all  right. 

38.  Skirt  manufacturing  company:  Eight  cartridge  fuses  inspected.  One  horse- 
power motor  supplied  with  lo-ampere  United  N.  E.  C.  S.  fuses  (United  Electrical 
Co.,  Brooklyn).     One  was  bridged  with  a  steel  nail. 

Four  cartridge  plug  fuses  with  fine  copper  wire  around  each.  Two  were  lo-ampere 
Johns-Pratt.  Two  others  were  Union  fuses,  respectively  5  and  10  amperes.  Two  of 
these  were  replaced.     One  30-ampere  fuse  in  the  basement  was  found  bridged. 
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39.  Four  cartiidge  fuses  were  inspected.  Two  30-ampere  cartridge  fuses  on  a  3- 
horsepower  motor  No.  12  wire  were  quite  hot  and  could  hardly  be  handled.  The 
contact  on  the  clips  was  poor. 

Tliey  had  two  cartridge  plug  fuses  with  copper  wires  bridged  across  them.  One  of 
the  screw  bases  is  badly  burned. 

40.  Five  Edison  plug  fuses  used  only  for  lighting  were  found  apparently  all  right. 

41.  No  electrical  equipment. 

42.  No  electrical  equipment. 

43.  No  electrical  equipment. 

44.  Eight  cartridge  fuses  were  inspected.  This  is  a  comparatively  new  six-story 
building  in  which  the  original  equipment  was  apparently  up  to  date  and  carefully 
made.  Tliey  use  flush  panels  and  concealed  wiring  in  concrete.  There  were  indica- 
tions of  heating  on  two  30-ampere  fuses  which  were  mounted  in  an  iron  box,  and  on 
inspection  the  fuse  terminals  were  found  to  make  bad  contact. 

A  i2-circuit  standard  lighting  panel  board  with  2-wire  branches  from  3-wire  bus 
bars  was  interesting.  Ten  of  the  circuits  were  in  use,  with  two  spare  circuits.  Six 
of  the  plugs  had  been  blown  and  fuse  wire  placed  under  each.  Two  others  were  with- 
out plugs,  but  terminals  were  bridged  with  fuse  wire  in  bunches.  All  circuits  from 
this  board  were  used  for  lighting. 

In  this  panel  board,  circuit  No.  i  contained  a  6  and  a  30  ampere  fuse.  Circuits 
No.  2  contained  two  30-ampere  plugs  apparently  all  right.  Circuit  No.  3  had  fuse 
wire  in  back  of  the  blown  6-arapere  fuses.  Circuit  No.  4  had  a  30-ampere  fuse,  and 
a  lo-ampere  fuse  blown,  the  latter  with  fuse  wire  imder  plug.  Circuit  No.  5  had  a 
30  and  a  lo-ampere  fuse.  The  30-ampere  fuse  had  blown  and  fuse  wire  was  placed 
under  it.  Circuit  No.  6  had  one  lo-ampere  fuse  which  was  all  right;  the  other  was 
bridged  mth  fuse  wire.  Circuit  No.  7  had  no  plugs  in  receptacles,  but  only  coils  of 
fuse  wire.  Circuit  No.  8  had  a  6-ampere  fuse  blown,  with  fuse  wdre  in  receptacle  and 
a  cartridge  plug  case  with  a  lo-ampere  cartridge  fuse.  Circuit  No.  9  was  not  fused. 
Circuit  No.  10  had  one  30-ampere  fuse.     Circuits  Nos.  11  and  12  were  spare  circuits. 

On  this  same  floor  a  334'-horsepower  motor,  220  volts,  was  fused  with  two  30-ampere 
fuses.  The  receptacles  were  burned  and  pitted,  probably  due  to  fuse  abuse  in  the 
past.     The  contacts  were  bad  and  the  amount  of  metal  was  reduced. 

Another  334'-horsepower  motor  had  two  30-ampere  cartridge  fuses  which  were  appar- 
ently all  right,  but  mth  indications  of  bums  on  contacts.  1 

For  the  two  3^-horsepower  motors  No.  12  B.  &  S.  mains  were  used.  Two  30-ampere 
cartridge  fuses  were  next  inspected  and  found  all  right,  except  for  heating  at  contacts. 

A  i2-circuit  flush  panel  board  was  located  in  the  rear  on  this  floor,  but  only  one 
circuit  was  fused.  We  took  out  the  D.  &  W.  cartridge  fuse  plugs  and  fuses  which  were 
refilled  with  fuse  wire. 

In  this  plant  they  have  provided  a  fire  drill,  with  tlie  head  of  the  firm  as  fire  mar- 
shal.    Apparently  a  wise  precaution  in  view  of  the  fire  practice  observed. 

45.  Three  15-ampere  cartridge  fuses  on  mains  and  6-ampere  fuses  on  each  branch 
circuit  of  a  12-circuit  panel.     Fuses  were  apparently  all  right. 

46.  Fifty  cartridge  fuses  were  inspected.  One  circuit  contained  two  35-ampere 
fuses  and  one  of  40-amperes.  They  looked  suspicious,  as  though  they  might  be  filled 
with  a  copper  wire.  In  another  circuit  a  cartridge  fuse  was  bridged  with  a  copper 
wire  soldered  to  the  two  ferrules  and  taped.  A  third  circiiit  had  60-ampere  fuses 
which  were  bridged  over  the  clips  with  two  strands  of  No.  16  B.  &  S.  copper  wire  on 
one  fuse  with  the  neutral  the  same.  The  other  fuse  had  three  strands  of  No.  16  steel 
wire.  A  fourth  circuit  had  a  broad  strip  of  copper  exposed  on  tlie  end  of  50-ampere 
fuses,  but  this  was  probably  due  to  poor  factory  assembly. 

47.  The  service  is  not  used  in  this  building. 
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48.  Manufacturers  of  hosiery,  underv.'ear,  and  notions:  Four  cartridge  fuses  were 
inspected.  In  the  circuits  in  the  basement  of  the  adjoining  property  which  feed  this 
occupancy  we  found  No.  12  B.  &  S.  wire  used  with  two  25-ampere  fuses.  One  of  these 
was  a  Johns-Pratt  N.  E.  C.  S.  fuse  bridged  with  a  40-ampere  G.  E.  copper  tip  link. 
This  was  on  a  load  of  a  2-horsepower  and  a  one-fourth  horsepower  motor.  We  replaced 
this.  We  foiuid  two  more  25-ampere  fuses  on  No.  10  B.  &  S.  ^vire,  but  they  were 
apparently  all  right,  except  too  high  for  the  load. 

49.  Nine  cartridge  fuses  were  inspected.  We  removed  one  25-ampere  Johns-Pratt 
N.  E.  C.  S.  fuse  bridged  with  G.  E.  15-ampere  copper  tip  link,  and  one  lo-ampere 
''United"  N.  E.  C.  iS.  fuse,  bridged  with  30-ampere  G.  E.  copper  tip  link,  and  put 
in  place  two  fuses.  This  Circuit  had  No.  14  wire.  The  other  circuits  were  apparently 
all  right,  except  that  one  plug  fuse  was  without  a  cap. 

50.  Plug  fuses  were  apparently  all  right. 

51.  Raincoat  company:  Four  Edison  plug  fuses  were  apparently  all  right. 

52.  Two  cartridge  fuses  were  inspected.  Two  15-ampere  cartridge  fuses  on  one 
motor  running  sewing  machine.     These  were  apparently  all  right. 

53.  There  was  nothing  of  interest. 

54.  This  was  a  moving-picture  theater  which  we  did  not  inspect. 

55.  This  was  unoccupied. 

56.  Four  cartridge  and  13  Edison  plug  fuses,  all  of  which  were  apparently  all  right. 

57.  Twelve  cartridge  fuses  inspected  in  basement  were  apparently  all  right.  There 
were  also  a  large  number  of  plug  fuses.  Six  of  the  cartridge  fuses  were  in  a  service 
vault  under  the  pavement.  An  Otis  elevator  motor  in  a  separate  room  in  the  base- 
ment had  two  60-ampere  fuses,  which  were  apparently  all  right.  In  this  room  there 
were  two  apparently  good  lo-ampere  fuses  for  elevator  lighting.  In  another  room  in 
the  basement  two  30-ampere  fuses  were  used  on  a  i-horsepower  motor  on  No.  14  B. 
&  S.  wire.     This  motor  was  used  for  pumping  water. 

58.  Six  cartridge  fuses  were  inspected.  On  the  sixth  floor  of  this  building  we  found 
two  25-ampere  cartridge  fuses  on  a  3-horsepower  motor.  Except  for  heating  at  con- 
tacts they  appeared  all  right.  Another  3-horsepower  motor  had  two  30-ampcre  fuses 
apparently  all  right.  On  the  ceiling  branch  for  this  motor  there  was  325  and  a  20 
ampere  fuse,  apparently  all  right.  Two  25-ampere  cartridge  fuses  on  another  circuit 
were  apparently  all  right,  except  that  the  contacts  were  verj'  hot. 

59.  Four  cartridge  fuses  were  inspected.  We  fotmd  two  30-ampere  fuses  on  No. 
14  B.  &  S.  wire  on  a  2-horsepower  motor,  and  there  was  some  heating  at  contacts. 
On  the  meter  board  there  were  two  30-ampere  cartridge  fuses,  apparently  all  right,  on 
the  same  motor  circuit. 

60.  Eight  cartridge  fuses  were  inspected.  We  found  two  60-ampere  fuses  apparently 
all  right.  Also  found  two  15-ampere  Edison  plug  fuses  on  a  3-horsepower  motor  appar- 
ently all  right.  Two  15-ampere  cartridge  fuses  on  a  one-half  horsepower  pump  motor 
were  apparently  all  right.  Two  30-ampere  fuses  on  No.  12  B.  &  S.  wire  were  used 
on  the  meter  board.  A  coil  of  fuse  wire  was  found  under  one  fuse  and  the  other  base 
sliowed  excessive  burning  and  pitting. 

61.  Two  Edison  plug  60-ampere  fuses  were  apparently  all  right.  Fuses  were  used 
on  a  3,'  4 -horsepower  Diehl  motor.  There  were  no  occupancies  on  the  second  and  first 
floors  and  basement. 

62.  Service  was  cut  off  in  the  basement. 

63.  Six  cartridge  fuses  of  6  and  10  ampere  capacities  were  apparently  all  right.  We 
saw  five  Edison  plug  fuses  with  the  mica  windows  broken.  Fuses  were  otherwise 
all  right. 

The  sixty -third  occupancy  was  the  last  place  inspected. 
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There  may  have  been  a  large  number  of  cases  of  overfusing  which  were  not  noticed, 
as  for  want  of  time  we  only  checked  up  suspicious-looking  cases. 

INSPECTIONS  ■  IN  PHILADELPHIA,  PA.,  AND  BALTIMORE,  MD. 

BALTIMORE 

These  inspections  were  made  on  July  13  and  14,  191 5. 

1.  Department  store:  Inspected  two  buildings.  Tofcil  number  of  fuses  in  one 
building  was  about  350;  50  used  in  other  building.  Inspected  most  of  these.  With 
two  assistants,  chief  engineer  makes  replacements.  Many  of  the  original  D.  &  W.  fuses 
placed  seven  years  ago  are  still  in  use.  He  now  uses  mostly  Johns- Pratt  fuses,  although 
he  has  about  150  Edison  plug  fuses  in  cut-outs  on  ceilings.  Ten  Economy  fuses  of 
the  old  type  with  filler  were  bought  a  year  ago.  Does  not  want  any  more.  I  found 
one  Economy  fuse  very  hot.  On  removing  it  found  both  ferrules  were  partly  un- 
screwed, so  that  end  contacts  were  bad.  He  says  he  has  had  this  trouble  before, 
explaining  it  as  being  caused  by  difference  of  expansion.  An  approved  15-ampere 
Connecticut  Electric  Manufacturing  Co.  fuse  had  been  refilled.  Saw  several  others 
which  looked  as  though  they  had  been  tampered  with. 

2.  Large  electrical  concern:  Inspected  fuses  in  testing  department.  Found  a  200- 
ampere  "  Union  "  knife-blade  fuse  (apparently  unblown)  but  reinforced  with  a  bridge 
of  approximately  No.  16  B.  &  S.  wire  (looked  like  tinned  copper).  This  was  in  one 
leg  of  a  three-wire  circuit.  The  otlier  two  were  not  bridged.  The  explanation  was 
that  this  side  persisted  in  blowing  until  this  means  of  stopping  was  resorted  to.  They 
refill  all  sizes  of  approved  fuses  up  to  400  amperes.  They  take  off  the  ends  and  wrap 
copper  wire  or  aluminum  fuse  strips  around  blades  on  the  inside,  and  their  only 
complaint  was  that  with  the  latter  they  could  not  readily  solder.  This  company  uses 
large  number  of  fuses.  They  purchased  at  one  time  10  Economy  fuses  of  the  100- 
ampere  size,  and  do  not  recommend  their  use.  They  say  that  in  the  hands  of  a  njan 
who  will  be  careful  these  may  be  all  right,  but  they  especially  do  not  recommend 
tliem  for  use  on  lighting  circuits  on  account  of  the  temptation  to  place  large  sizes  in 
the  holder,  as,  for  instance,  a  30-ampere  fuse  in  a  lo-ampere  case,  etc.  My  visit  to 
them  was  in  the  testing  department,  where  the  imusual  conditions  would  doubtless 
lead  to  the  overfusiug  and  conditions  above  noted. 

3.  Electrical  contractor:  The  president  made  the  statement  as  a  supply  merchant 
that  all  fuse  companies  will  refill  fuses  and  that  it  is  only  necessarj'  to  send  the  fuses 
to  them  and  they  will  be  glad  to  have  the  business  He  says  his  company  does  not 
refill  fuses,  except  that  they  sell  Economy  fuses  and  make  their  refills. 

4.  Large  hotel:  Met  the  engineer  on  watch  and  the  electrician.  Tliey  have 
approximately  1000  (estimated)  fuses  in  use  of  the  nonrefiUable  type,  and  advised  me 

'  By  F.  W.  Glading,  an  associate  electrical  engineer  of  this  Bureau. 
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tiat  they  refill  in  tlieir  shop  75  per  cent  of  all  the  fuses  they  use.  They  do  this  by- 
using  ordinary  fuse  wire  purchased  from  the  Chicago  Fuse  Wire  Co.  In  the  panel 
board  in  the  kitchen  with  24-hour  service  I  fotmd  every  fuse  was  hotter  than  would 
normally  be  expected,  apparently  due  to  overload.  Push-button  flush  switches  in 
tlie  panel  must  have  had  very  considerable  overheating  as  the  whole  face  of  the  fJush 
metal  panel  construction  was  as  hot  as  could  be  borne  by  the  hand.  In  a  panel  for 
the  banquet  room  I  found  two  250-watt  and  two  100- watt  lamps  installed  on  a  refilled 
lo-ampere  fuse.  They  also  use  48  to  55  eight-candlepower  carbon  lamps  on  special 
decorative  constructions.     They  use  copper  link  fuses  on  main  switchboard. 

5.  Large  electrical  concern:  Did  not  inspect  any  fuses,  but  superintendent  does 
not  believe  that  the  Economy  fuse  is  a  very  good  fuse  for  his  purpose,  on  account  of 
the  chance  of  improper  refilling  with  the  wrong  size  element. 

6.  Inspected  two  plants.  On  May  7,  1913,  they  piu'chased  25  Economy  fuses. 
Met  machinist  who  handles  their  fuses.  In  one  pumping  station  there  are  approxi- 
mately 450  fuses.  Number  of  motor  circuits  about  18.  States  that  the  amount  of 
time  spent  for  refilling  about  150  fuses  per  year  is  represented  by  about  two  days' 
work  at  a  cost  of  about  S5.  They  use  Chicago  fuse  wire  for  refilling  both  Economy 
and  nonrefillable  fuses.  I  seciired  a  number  of  lo-ampere  and  50-ampere  refilled 
fuses  of  the  nonrefillable  type,  together  with  samples  of  lo-ampere  and  20-ampere 
fuse  wire  which  they  use.  For  making  up  a  60-ampere  fuse  they  twist  together  three 
20-ampere  fuse  wires.  An  Economy  fuse  refilled  for  my  benefit  is  also  included. 
This  is  refilled  with  the  lo-ampere  fuse  wire. 

7.  Extensive  user  of  Economy  fuses:  Manager  stated  that  he  was  well  pleased 
with  them  and  that  they  had  no  difficulty  in  getting  their  men  to  refill  them  properly. 

8.  Large  lime  manufactory:  They  have  .several  plants  and  use  both  Economy  and 
nonrefillable  fuses.  They  are  well  pleased  with  Economy  fuses  and  have  had  no 
trouble. 

9.  Large  ofiSce  building:  Use  Economy  fuses  almost  entirely.  The  first  fuse  shown 
me  was  one  which  had  been  blown.  On  dismantling  it  I  took  out  two  lo-ampere  strips 
from  a  fuse  marked  "  10  amperes"  on  the  case.  Looked  over  the  building,  but  did 
not  detect  any  other  specially  bad  conditions.     Did  not  secure  any  samples. 

10.  Dairy:  Secured  an  Economy  fuse  marked  "20  amperes"  and  painted  with 
red  ink  to  indicate  that  it  has  been  refilled  with  a  30-ampere  size.  This  is  their  regular 
practice.  They  use  a  number  of  600-ampere  size  Economy  fuses,  the  refilling  of 
which  is  accomplished  by  using  four  1 50-ampere  links  in  multiple.  The  engineer 
says  that  five  or  six  could  readily  be  placed  in  the  cases,  which  disassembling  shows. 
He  has  used  287  renewals  of  this  size  in  about  18  months  and  has  100  in  stock.  He 
formerly  placed  a  small  amount  of  asbestos  magnesia  85  per  cent  pipe  covering  in  the 
case  to  protect  the  shell.  At  the  suggestion  of  the  salesman  he  has  discontinued 
the  use  of  the  filler.  He  has  used  about  50  to  60  Economy  fuses  and  likes  them  because 
they  do  not  spit  fire  as  do  the  indicators  on  other  fuses.  I  saw  one  Economy  fuse 
burnt  at  one  end  where  it  was  not  tightly  put  together.  He  has  trouble  with  his 
ice-cream  man,  who  also  does  refilling  as  the  latter  strips  the  threads  on  the  old  type 
of  Economy  fuse. 

11.  Machine  shop;  Uses  Economy  fuses  and  likes  them.  Apparently  does  not 
improperly  refill  with  the  Economy  elements.  I  saw  a  200-ampere  D.  &  W.  knife- 
blade  fuse  bridged  imder  the  screw  heads  with  copper  wire.  These  people  like  the 
Economy  fuse  on  account  of  the  economy  of  refilling,  but  have  had  trouble  with  the 
ferrules  becoming  loose. 

PHILADELPHIA 

These  inspections  were  made  on  July  15  to  17,  inclusive,  191 5: 

12.  Printery:  Has  about  50  motors;  uses  about  350  fuses.  Bought  one  package  of 
30-ampere  Economy  fuses,  but  did  not  like  them  as  he  said  they  were  not  economical. 
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Tliey  cost  more,  due  to  the  burning  off  of  the  ends.  Apparently  the  ferrules  loosen 
up,  causing  bad  contact.  In  this  plant  each  foreman  puts  in  his  ovra  fuses,  but  one 
man  does  all  refilling. 

The  assistant  engineer  was  very  sure  that  I  would  not  find  any  examples  of  refilling 
of  nonrefiUable  fuses,  but  I  foimd  two  examples  after  having  looked  over  almost  all 
the  fuses  in  circuit.  The  assistant  engineer  could  not  understand  why  this  was 
done,  as  he  keeps  a  good  stock  of  fuses,  and  it  was  only  necessary  for  the  press  workman 
to  ask  his  foreman  for  a  fuse  to  obtain  it. 

13.  Printery:  An  Arkless  fuse  had  been  poorly  soldered.  They  use  the  Union 
fuse  and  also  the  Economy.  Their  experience  has  been  good  with  the  Economy, 
altliough  the  elements  open  only  at  one  notch.  They  know  that  an  Economy  fuse 
is  gone  only  when  a  mechanic  complains  that  his  machine  does  not  operate.  They 
have  used  them  only  three  months,  but  expect  to  adopt  them  for  general  use. 

14.  Large  office  building:  Met  the  acting  chief  engineer.  They  have  been  using 
Economy  fuses  for  the  past  two  years  and  now  use  them  almost  exclusively.  An 
inspection  of  several  of  their  panel  boards  and  other  places  showed  no  apparent  abuse 
of  fuses.     They  like  the  Economy  fuse  very  much  and  find  it  quite  economical. 

15.  Stationers'  supply  house:  Two  standard  fuses  were  refilled  with  ordinary 
fuse  wire.  These  are  not  soldered.  The  chief  engineer  just  hammers  the  ends  to 
secure  the  contact.  He  uses  nonrefiUable  fuses  mostly,  occasionally  using  an  Economy 
fuse.  He  has  about  250  fuses  installed  in  the  warehouse  of  which  about  15  or  20  are 
Economies.     He  refills  all  fuses  of  all  types. 

16.  Factory:  They  use  a  large  number  of  Economy  fuses  and  like  them  very  well, 
although  they  have  had  several  cases  of  the  ferrules  becoming  loose. 

17.  Hotel:  Use  about  650  fuses,  mostly  of  the  6-ampere  size.  They  have  used 
about  100  Economy  fuses  and  also  10  of  the  multirefiUable  type.  I  saw  no  evidences 
of  fuse  bridging.  Most  of  the  branch  lighting  circuits  were  equipped  with  6-ampere 
fuses.  They  have  soldered  clips  on  ordinary  "Noark"  ferrule  type  fuses  to  make 
them  fit  in  a  t>'pe  A  fuse  block.  A  15-ampere  D.  &  W.  fuse  had  the  type  A  clips 
purposely  broken  off  to  use  this  fuse  in  a  ferrule  type  holder. 

18.  Large  publishing  company:  This  represents  an  up-to-date  printing  establish- 
ment with  a  splendid  personnel.  The  building  is  of  high-grade,  fire-resistive  con- 
struction. Economy  fuses  are  used  almost  exclusively.  The  electrical  equipment 
includes  some  nonrefiUable  fuses  (usually  furnished  with  electrically  driven  presses 
by  the  contractors).  The  specification  of  Economy  fuses  on  a  large  new  addition 
to  the  building  makes  them  a  verj^  large  user  of  this  type  of  fuse.  While  the  chief 
electrician  believes  the  Economy  fuse  is  very  good  for  many  purposes,  he  hiis  had 
difficulties  with  it  in  this  installation.  Workmen  will  persist  in  stealing  a  fuse  from 
another  man's  machine  in  order  to  keep  their  own  operating,  throwing  away  the 
Economy  fuse  which  had  been  blown.  A  rather  large  number  of  fuses  lost  in  this 
way  has  made  the  Economy  proposition  rather  uneconomical.  He  has  tried  several 
makes  of  refillable  fuses,  including  the  MultirefiUable  fuse.  One  sample  of  the 
latter  had  been  replaced  after  fusing  because  it  had  a  conducting  film  on  the  inside 
of  the  fiber  case.  He  has  not  tested  this.  As  the  Economy  fuse  is  used  without  a 
filler  his  electricians  have  renewed  other  makes  of  refillable  fuses  without  a  filler. 
The  use  of  other  types  of  refillable  fuses  was  due  to  a  desire  to  obtain  a  refillable  type 
cheaper  than  the  Economy.  He  mentioned  the  Great  Western  refillable  fuse  but  did 
not  have  samples. 

19.  Large  department  store:  I  met  the  assistant  chief  electrician.  It  was  reported 
that  the  chief  electrician  will  gradually  replace  all  other  types  of  fuses  with  the  Econ- 
omy fuse,  as  he  believes  it  greatly  to  their  advantage  to  use  them.  The  assistant  engi- 
neer, however,  advised  me  that  they  did  not  like  the  Economy  fuse,  and  that  they  were 
not  now  purchasing  any  of  that  type,  all  fuses  coming  in  being  of  an  approved  nonre- 
fiUable make.     His  reason  for  not  using  the  Economy  fuse  was  that  they  have  had  so 
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much  trouble  with  the  blowing  ofi  of  the  ends  and  burning  of  the  cases  due  to  the  bad 
contacts,  and  that  the  Economy  fuse  was  not  an  economical  fuse  for  them  to  use.  I 
found  two  methods  used  by  the  D.  &  W.  company  which  I  understand  have  not  been 
very  long  in  tise  and  were  practiced  up  to  a  shipment  as  late  as  two  weeks  ago.  On  a 
300-ampere,  250- volt  D.  &  W.  fuse  the  follo%ying  label  was  pasted:  "  Return  for  reload- 
ing to  D.  &  W.  Fuse  Co.,  Providence,  R.  I.  Save  your  blown  fuses. "  On  a  75-ampere 
fuse  of  the  same  make  the  ordinary  fuse  label  contained  the  words:  "Return  for 
reloading. "  I  saw  a  loo-ampere  D.  &  W.  fuse  which  had  been  blown  marked  with  the 
word  "reloaded"  across  the  label. 

20.  Large  hotel:  This  hotel  uses  a  large  number  of  Economy  fuses  and  is  very  much 
pleased  with  them  on  account  of  the  cheapness  of  reloading.  They  have  had  no  special 
trouble  with  them.  They  stated  that  they  had  about  100  in  use,  25  of  which  were  of 
the  new  type.  The  sizes  used  were  5,  15,  and  30  amperes.  I  observed  the  use  of  a 
30-ampere  Economy  fuse  on  a  branch  circuit  which  should  have  been  fused  not  higher 
than  10  amperes.  I  obtained  a  Union  lo-ampere  fuse,  the  pins  of  which  were  partly 
removed  from  the  ferrules  and  a  copper  wire  wound  around  the  pins:  also  a  btirnt-out 
Economy  fuse  which  contained  a  piece  of  ordinary  fuse  wire  as  evidence  of  improper 
fusing.  I  also  noted  in  several  places,  especially  in  circuits  furnishing  current  to  the 
banquet  hall,  the  use  of  fuse  wire  to  bridge  burnt-out  fuses. 

21.  Restaurant:  These  people  use  Economy'  fuses  and  like  them  very  well.  Since 
Januan'  of  this  year  they  have  used  40  of  them  and  report  no  trouble.  In  their  equip- 
ment I  found  two  60-ampere  approved  fuses  bridged  with  fuse  wire  around  the  ferrule 
terminals. 

22.  Printerj':  They  use  Economy  fuses  to  some  extent,  having  some  in  use  as  long 
as  two  years.  Eventually  they  will  entirely  equip  with  them.  They  have  about  350 
fuses  installed  in  the  building  with  about  40  Economy  fuses.  They  had  no  particular 
comments  to  make  relative  to  the  Economy  fuse,  except  that  of  the  ends  coming  loose 
to  some  extent. 

23.  Large  hotel:  Out  of  approximately  1500  fuses  in  the  building  about  750  are  plug 
tj'pe  and  the  other  750  are  cartridge  fuses,  about  10  per  cent  of  these  latter  being 
Economy  fuses.  They  like  the  Economy  fuse  because  it  has  a  marking  on  the  fuse 
element  itself,  but  do  not  like  it  because  men  will  turn  the  fuse  clip  around  so  that 
they  can  not  see  the  marking.  They  have  had  no  trouble  and  believe  that  Economy 
fuses  are  better  than  the  old  t^-pe  of  fuse,  which  can  be  bridged  with  ordinary  copper 
or  other  form  of  bridge.  I  found  that  they  used  3-ampere  plug  fuses  for  sleeping  rooms. 
I  saw  no  apparent  tampering  or  bridging  of  fuses,  but  saw  a  sample  fuse  of  refillable 
type  with  a  chuck  used  for  retaining  fuse  wire.     This  had  no  name  on  it. 

24.  Laundry  company:  This  laundry  has  used  12  Economy  fuses  for  the  last  three 
years  and  likes  them  so  well  that  they  expect  to  standardize  on  them  and  use  nothing 
else  in  the  future.  I  saw  an  Economy  tube  with  the  end  burnt  oS.  This  they  attrib- 
uted to  the  fact  that  possibly  the  man  had  not  used  the  asbestos  tube  over  the  renewal 
element.  They  use  rather  low-grade  help  for  operating  their  engine  and  it  is  likely 
that  this  fuse  was  improperly  refilled. 

25.  Express  company :  They  have  used  a  large  number  of  Economy  fuses,  especially 
in  the  loo-am-ere  size,  on  their  charging  panels  of  storage  batten,'  trucks.  They  made 
the  remarkable  tatement  that  the  Economy  fuses  blew  almost  at  the  rating  mark, 
whereas  the  r-Z  .  efiUable  t>-pe  blew  at  approximately  60  per  cent  of  the  rating.  They 
complain  that  the  threads  on  the  fiber  of  the  Economy  fuse  are  too  short.  This  has 
been  remedied  in  their  refills  by  placing  an  extra  piece  of  metal  between  the  fuse  and 
the  inside  of  the  ferrule  to  make  end  contact  seciu-e . 

I  noted  a  large  niimber  of  loo-ampere  Economy  fuses  both  on  the  switchboard  and 
in  reserve  on  which  the  contacts  had  not  been  screwed  down  to  make  proper  contact. 
They  like  the  new  type  of  Economy  fuse,  except  that  they  would  prefer  to  have  the 
fuse  element  covered  with  an  asbestos  shield  or  some  protection  which  will  in  turn 
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protect  the  inside  of  the  fiber  against  burning.     They  have  refilled  one  case  as  often 
as  four  or  five  times. 

26.  Garage:  They  use  fuses  only  on  branch  cut  outs,  and  I  saw  evidence  of  overfus- 
ing  by  the  use  of  30-ampere  fuses  in  some  instances  for  lighting  circuits.  A  few  Econ- 
omy fuses  are  used,  but  nothing  special  was  noted. 

27.  Garage:  Fuses  ;ire  used  here  for  the  piupose  of  charging  storage  batteries  for 

electric  automobiles.     They  are  mostly  of  the  60-ampere  size.     I  obtained  two  blown 

Multirefillable  fuses,  one  of  which  shows  a  hole  of  considerable  size  through  which  the 

filler  had  dropped,  exposing  the  link.     In  this  plant  they  also  use  Economy  fuses  and 

like  them  fairly  well  because  they  are  somewhat  cheaper  after  having  been  used  a 

number  of  times.     The  use  of  the  Multirefillable  fuse  indicates  that  they  have  been 

looking  for  a  cheaper  type  of  refillable  fuse.     I  saw  no  evidence  of  improper  assembly 

of  Economy  fuses  in  use. 

SUMMARY 

The  risks  visited  on  the  trip  were  of  an  entirely  diflerent  class  from  those  given  in 
my  report  of  July  6.  However,  the  general  conclusion  reached  is  one  that  probably 
would  be  verified  by  observation  in  almost  any  section  of  the  United  States,  namely, 
that  it  seems  to  be  human  nature  to  bridge  fuses  under  many  conditions.  This  applies 
to  both  the  refillable  and  nonrefiUable  types,  but  among  the  occupancies  inspected  the 
tendency  to  abuse  the  nonrefiUable  fuse  was  apparently  the  greater. 

While  most  of  this  bridging  and  improper  use  of  fuses  does  not  result  in  fire  on  the 
premises,  it  is  the  writer's  opinion  that  this  is  due  to  the  fact  that  other  conditions  do 
not  prevail  to  make  these  risks  unduly  hazardous.  Overfusing  is  sometimes  resorted 
to,  principally  on  branch  circuits  for  which  the  National  Electrical  Code  permits  only 
lo-ampere  fuses.  The  carelessness  and  ignorance  of  the  individual  are  largely  responsi- 
ble for  much  of  the  incorrect  fusing.  The  ingenuity  of  the  mechanic  is  apparent  in 
the  better  classes  of  shops.  The  penury  of  the  purchasing  agent  and  the  desire  of  the 
employee  to  keep  down  expenses  is  responsible  for  much  bridging  of  fuses,  and  tam- 
pering with  them. 

In  the  following  table  the  numbers  at  the  heads  of  the  columns  refer  to  the  corre- 
sponding occupancy  number  in  the  above  report. 
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INSPECTIONS"  IN  PITTSBURGH,  PA.;  CINCINNATI,  OHIO;  AND  CLEVE- 
LAND, OHIO 

PITTSBURGH,  PA. 

1.  The  result  of  a  series  of  tests  made  by  a  power  company  to  determine  the  relative 
operating  efficiency  of  various  inclosed  cartridge  fuses  indicated  that  the  Economy 
fuses  were  the  best  available  fuse  for  use  on  their  industrial  power  circuits.  This 
was  based  on  rating,  reliability  of  contacts,  and  successful  operation. 

The  power  company  maintains  a  rigid  inspection  service  which  varies  from  once  a 
year  for  a  5  horsepower  industrial  motor  load  to  every  30  days  for  tlie  largest  con- 
sumers, such  as  steel  plants  and  manufacturing  companies.  In  this  service  their 
inspectors  report  that  no  abuse  of  Economy  fuses  has  been  fotmd,  while  hack-saw 
blades,  wire  solder,  solid  copper  wire,  and  other  articles  are  used  to  replace  blown 
approved  fuses. 

Trouble  has  been  experienced  due  to  heating  at  the  cut-out  contacts.  It  has  been 
found  that  some  of  the  approved  cartridge  inclosed  fuse  elements  break  very  close  to 
the  copper  contact  pieces,  and  therefore  a  copper  arc  is  established  in  such  cases. 
This  arc  has  diflferent  characteristics  from  that  of  the  metal  of  the  fuse  element,  and 
this  condition  has  caused  difficulties  in  tlie  Pittsburgh  field  from  charring  fiber  tubes. 
In  a  particular  risk,  after  one  "  blow, "  smoke  began  coming  through  the  floor,  and  the 
resultant  excitement  nearly  caused  a  panic.  It  was  foimd  the  fiber  tube  had  been 
ignited  by  the  copper  arc. 

The  power  company  representative  indicated  that  he  believed  a  reliable  fuse 
renewable  by  the  user  was  desirable  and  should  be  considered  He  questioned  if  the 
general  user  would  take  the  time  to  develop  ways  to  abuse  a  readily  renewable  fuse. 
It  was  stated  that  in  their  field  tests  they  had  not  found  an  approved  fuse  which  would 
carry  100  per  cent  rating  continuously  for  two  hours;  about  75  per  cent  would  not 
carry  as  high  as  50  per  cent  rating  for  that  time.  This  situation  has  led  him  to  design 
a  new  type  of  fuse  block. 

A  foreman  of  the  power  company  said  he  believed  tlie  Economy  fuse  would  intro- 
duce no  greater  risk  in  general  service  than  the  approved  cartridge  inclosed  fuses. 
He  believed  that  a  man  who  wished  to  abuse  a  fuse  installation  would  do  so  no  matter 
what  the  mechanical  construction. 

2 .  The  assistant  purchasing  agent  of  a  large  bridge  company  stated  that  the  Economy 
fuse  was  being  used  by  them  at  three  of  their  plants. 

3.  The  electrical  engineer  of  a  metal  manufacttiring  company  felt  quite  positive 
the  Bureau  should  be  able  to  determine  such  questions  without  consultation  ^vith 
users.  He  finally  said  that  the  compan)'  was  a  small  purchaser  of  Economy  fuses,  in 
an  experimental  sense  mostly.  He  could  give  no  direct  data,  but  stated  the  use  must 
be  very  limited  else  he  would  know  more  of  it.  He  did  not  care  to  go  into  more 
details,  and  stated  that  he  did  not  wish  to  be  quoted  to  either  insitfance  or  fuse  manu- 
facturing companies. 

4.  The  engineer  for  a  lo-story  oflSce  building  stated  tliat  he  bought  fotur  450-ampere, 
250-volt  Economy  fuses  seven  months  ago.  I  saw  one  in  use  in  a  main  fuse  block  of 
the  building.     They  were  bought  for  trial.     The  first  one  installed  was  still  intact. 

The  Economy  Fuse  &  Manufacturing  Co.  had  hoped  to  install  their  fuses  tliroughout 
the  building.  However,  the  owners  would  not  consider  them.  It  is  doubtful  if  their 
use  in  this  risk  indicates  anything  of  value. 

In  this  risk  a  fine  example  of  heating  at  contacts  was  found.  The  clips  had  been 
so  heated  that  the  temper  was  gone  and  a  clamp  was  used  to  hold  them  in  good  con- 
tact against  the  fuse  blades.     Approved  fuses  were  in  use  when  this  was  done. 

'  By  H.  S.  Phelps,  an  assistant  electrical  ensineer  o[  this  Bureau. 
42812°— 16 12 
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5.  A  large  grocery-  concern  stated  that  they  bought  about  S75  worth  per  year  of 
Economy  elements  of  15-ampere  average  size.  These  are  used  on  circuits  for  oper- 
ating meat  grinders.  The  motors  are  frequently  stalled  and  the  cost  of  replacing 
approved  fuses  is  too  great.  It  depends  upon  which  of  their  stores  the  installation 
is  in  whether  the  fuse  is  replaced  by  a  man  having  some  electrical  knowledge.  It  was 
stated  that  in  some  stores  it  was  done  by  tlie  butchers  using  the  grinders.  It  was 
doubtful  if  it  could  be  said  that  any  of  the  fuses  were  under  the  supervision  of  a  man 
with  considerable  knowledge  of  such  equipment.  Approved  fuses  are  used  by  them 
on  circuits  where  fuses  operate  infrequently,  but  these  are  not  refilled. 

The  companies  carry  standard  fire  insurance.  They  have  never  experienced  any 
trouble  from  insurance  inspectors  concerning  the  use  of  Economy  fuses. 

The  Economy  fuses  first  used  by  this  company  were  the  tj'pe  using  a  powdered  filler. 
Since  this  purchase,  however,  the  fuse  company  has  notified  them  that  a  filler  is  no 
longer  necessarj'. 

6.  The  engineer  of  a  hospital  advised  that  he  had  about  500  Economy  fuses  of  10 
to  15  ampere,  250-voIt  capacity.  These  effected  a  considerable  economy  in  service. 
It  was  stated  that  refilling  was  done  by  him  or  under  his  supervision,  and  that  pre- 
vious to  the  use  of  Economy  fuses  approved  fuses  were  not  refilled  by  them,  but  fre- 
quently they  soldered  fuse  wire  onto  the  terminals. 

It  was  stated  that  the  cost  of  new  elements  probably  was  not  in  excess  of  S12  a  year. 

He  thought  the  very  great  simplicity'  of  the  Economy  fuse  led  to  its  proper  use  rather 
than  abuse,  as  he  felt  that  the  average  user  was  not  naturally  crooked  and  rather 
than  devise  wrong  methods  he  would  use  the  fuse  properly.  He  also  called  attention 
to  the  fact  that  with  few  exceptions  the  approved  fuses  had  screws  holding  the  end 
ferrules  which  made  it  very  easy  to  attach  a  piece  of  wire,  while  the  Economy  fuse 
did  not  offer  such  an  opportunity.  He  said  he  believed  a  refillable  fuse  put  into  gen- 
eral service  ■i\ould  not  be  abused. 

The  purchasing  department  of  the  hospital  stated  that  the  Economy  fuse  had  been 
chosen  after  consideration,  and  that  a  big  saving  had  been  made  with  satisfactory 
results.  However,  if  another  and  more  satisfactory  fuse,  renewable  by  the  user,  was 
developed  or  introduced,  they  would  investigate  it  too. 

7.  The  engineer  of  an  office  building  has  charge  of  a  mixed  occupancy.  The  build- 
ing is  a  lo-story  office  building. 

He  does  not  use  the  Economy  fuse,  but  has  both  Daum  and  Willett  renewable 
fuses  on  several  circuits  where  fuses  blow  frequently.  On  other  circuits  approved 
fuses  are  used.  They  make  no  effort  to  save  old  shells  of  approved  fuses  and  return 
them  for  filling,  as  the  supervision  necessary  to  accumulate  a  large  order  is  not  war- 
ranted by  the  net  saving. 

It  was  stated  that  in  an  occupancy  of  this  kind  service  is  absolutely  the  first  con- 
sideration, and,  no  matter  what  tlie  type  of  fuse,  it  might  become  necessarj'to  inten- 
tionally overfuse  a  circuit  at  times.  The  case  of  an  elevator  control  circuit  which  has 
developed  a  partial  ground  was  cited  as  an  example.  The  engineer  said  that  he  did 
not  believe  a  refillable  fuse  would  be  abused  any  more  than  an  approved  one ,  and  in 
many  cases  it  would  be  a  distinct  advantage  to  service  to  be  able  to  renew  them 
readily.  It  was  really  less  hazardous,  because  it  could  be  done  properly  and  its 
inspection  would  be  much  more  definite. 

The  local  manager  who  had  been  in  charge  of  a  restaurant  for  seven  3'ears  said  that 
he  had  done  all  the  purchasing,  and  to  the  best  of  his  knowledge  there  had  never  been 
an  Economy  fuse  in  the  place.  He  stated  tliat  he  used  the  Northwestern  renewable 
fuse  on  circuits  where  failiues  were  frequent.  The  fuses  in  circuits  on  which  dish- 
washing and  potato-paring  machines  are  used  were  of  about  15  amperes  capacity,  and 
in  case  of  a  failiu'e  anyone  in  the  kitchen  refills  the  fuse.  It  was  learned  that  neither 
cit>'  nor  insurance  inspection  service  objected  and  that  the  results  had  been  satis- 
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factory.     In   circuits  having  infroqiient  failures  the   approved  fuses  are  retained 
because  of  their  lower  cost. 

He  believed  that  a  risk  such  as  theirs  would  indicate  that  the  general  public  would 
not  abuse  the  renewable  type  any  more  than  the  approved  fuse,  as  none  of  hisetnployees 
knew  anything  electrical,  and  they  refilled  the  fuse  properly  rather  than  devise  means 
for  doing  it  otherwise. 

9.  The  assistant  engineer  of  a  department  store  said  that  they  used  a  great  many 
Economy  fuses  of  the  10  and  15  ampere  2  50- volt  rating.  These  are  located  mostly  in 
elevator  control  and  lighting  circuits,  where  failures  are  frequent. 

It  was  stated  that  in  addition  to  the  Economy  fuses  there  were  many  approved  fuses 
used  in  circuits  not  failing  often.  The  Economy  fuses  have  proved  satisfactory  to 
them,  and  it  is  their  belief  they  would  not  increase  the  hazards  if  in  general  use. 
Refilling  is  done  under  super\'ision  of  competent  men,  and  no  effort  is  made  to  refill 
standard  fuses  either  by  the  user  or  by  returning  them  to  the  maker. 

10.  On  the  freight-elevator  circuit  in  the  office  of  an  express  company  I  found  bare 
wire,  probably  fuse  wire,  though  I  am  not  certain,  WTapped  across  the  terminals  of  the 
fuse  blocks. 

1 1 .  The  electrical  engineer  in  charge  of  construction  and  operation  for  a  large  metal- 
man  ufactiu-ing  concern  stated  that  a  small  number  of  Economy  fuses  had  be(!:n  installed 
in  three  of  their  plants.  He  stated  that  their  use  was  so  small  that  he  could  not  give 
any  data  of  value. 

CINCINNATI,  OHIO 

1.  The  engineer  for  a  telephone  company  said  that  about  2  per  cent  of  the  fuses 
used  in  their  exchanges  were  Economy  fuses  and  ranged  from  the  smaller  sizes  up  to 
about  70-ampere,  250  volts. 

In  general,  approved  fuses,  D.  &  W.  make,  are  used,  but  in  circuits  where  great 
reliability  and  continuity  of  service  is  required  they  do  use  Economy  fuses.  It  was 
stated  that  for  certain  heavy  circuits  they  would  use  them  now  if  they  were  available 
with  the  special  terminals  required.  For  a  time  it  was  their  practice  to  save  the  shells 
of  blown  approved  fuses  for  returning  and  refilling,  but  the  cost  was  so  prohibitive  that 
now  a  blown  fuse  is  simply  so  much  scrap  material. 

He  said  that  their  refilling  of  Economy  fuses  was  under  competent  supervision  and 
had  been  perfectly  satisfactory.  He  was  not  aware  that  the  fuse  was  not  a  general 
approved  one,  and  said  that  if  it  invalidated  their  insurance  he  would  be  forced  to 
discard  it.  However,  he  indicated  that  in  his  experience  he  could  not  see  where  the 
Economy  fuse  in  general  use  would  be  a  greater  risk  than  the  approved.  He  thought 
that  the  person  who  abused  a  fuse  now  had  either  a  financial  or  other  point  in  mind, 
and  therefore  would  abuse  any  fuse  if  he  desired.  In  favor  of  the  Economy  fuse,  he 
mentioned  the  fact  that  there  were  no  binding  screws  whereby  a  wire  could  be  readily 
attached  to  the  ferrule,  as  in  so  many  other  makes.  He  also  stated  that  in  general 
the  Economy  ftise  construction  and  finished  product  appeared  to  be  more  robust  than 
any  other  fuse  on  the  market. 

2.  An  ice  company  had  6  Economy  fuses  out  of  a  total  of  13  fuses  installed  on  a 
small  obsolete  generator  equipment.  No  general  conclusions  could  be  drawn  from 
this  installation.  Fuse  wire  or  copper  wire  had  been  used  freely  to  replace  inclosed 
fuses,  this  being  wrapped  about  the  clips  on  several  blocks.  The  assistant  engineer 
stated  they  probably  would  not  buy  any  more  fuses,  but  would  strap  the  clips  together 
with  wire. 

It  would  appear  that  any  type  of  fuse  would  be  subjected  to  any  degree  of  abuse  or 
misuse  in  this  plant.  The  Economy  fuses  had  been  in  service  about  a  year  without 
blowing,  hence  the  occasion  to  replace  them  had  not  arisen. 

3.  The  engineer  for  a  baking  company  has  about  500  Economy  fuses  in  use.  They 
range  from  10  to  250  amperes  at  250  volts.     Their  service  has  been  very  satisfactory, 
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and  it  was  stated  that  for  use  under  intelligent  super\4sion  it  was  felt  they  were  really 
better  than  an  approved  fuse . 

When  standard  fuses  were  used  no  effort  was  made  to  refill  them,  as  the  cost  of  col- 
lecting the  empty  cases  offset  the  saving  over  a  new  fuse. 

The  engineer  stated  that  in  general  use  it  appeared  to  him  the  Economy  fuse  might 
be  abused,  due  to  the  ease  of  opening  them.  He  also  felt  that  the  inspection  service 
could  not  take  sufficient  pains  to  learn  if  they  were  fused  WTongly.  As  against  that 
he  said  there  was  nothing  to  prevent  a  buyer  using  heavier  approved  fuses,  and  where 
ser\'ice  had  to  be  maintained  he  knew  of  nothing  to  prevent  abuse  of  any  fuse. 

4.  The  engineer  of  a  hotel  stated  that  there  were  so  many  small  parts  in  the  Economy 
fuse  that  with  a  large  installation  they  must  be  abused.  With  the  investment  made 
he  believed  no  one  would  throw  the  shell  away  when  one  part  was  lost,  and  therefore 
a  piece  of  wire  woiild  be  soldered  on.     He  is  not  a  user,  but  knows  of  the  fuFe. 

5.  The  electrician  of  one  of  the  hospitals  has  about  300  Economy  fuses  in  use.  They 
range  from  10  to  60  ampere,  250  volts.  They  have  proved  satisfactory  and  a  great 
saving  in  expense  as  well  as  time  in  placing  a  circuit  back  in  service.  The  majority 
of  the  fuses  at  this  plant  are  10  and  15  ampere  rating. 

It  was  stated  that  frequently  they  had  100  fuses  blown  a  week.  Most  of  these  are 
located  in  the  kitchen,  and  fail  because  of  carelessness  in  handling  of  potato-paring, 
ice-cream,  and  similar  machines.  In  such  cases  the  ordinary  kitchen  employee 
replaces  the  fuse  sati5:factorily. 

He  was  formerly  an  electrical  inspector  in  connection  with  fire  insurance.  He  said 
that,  based  on  his  experience  as  an  inspector,  he  could  not  see  how  the  Economy  fuse 
would  be  a  greater  hazard  or  be  abused  any  more  than  an  approved  fuse. 

6.  The  engineer  and  electrician  in  charge  of  a  glass  manufacturing  company's 
buildmg  informed  me  that  they  had  abandoned  the  Economy  fuse  and  now  used  the 
Multi-refillable  fuse. 

It  was  learned  tliat  trouble  had  been  experienced  from  Economy  shells  becoming 
charred  at  the  ferrules  because  of  contact  heating.  Also,  in  bending  the  fuse  elements 
down  in  the  10  and  15  ampere  sizes  they  frequently  broke  off,  while  above  100 
amperes  it  is  believed  the  Economy  is  as  good  as  any  fuse. 

The  engineer  is  not  favorable  to  the  Economy  fuse,  based  on  past  experience  and 
results  obtained  from  other  types. 

7.  A  carpet-cleaning  company  was  listed  as  a  purchaser  of  Economy  fuses.  It  was 
not  possible  to  verify  the  use  of  Economy  fuses  at  their  plant.  The  various  panel 
boards  that  were  inspected  were  fused  with  open  fuse  wire  and  in  general  greatly  over- 
fused.  The  engineer  said  they  were  not  buying  any  more  fuses,  as  fuse  wire  was  so 
much  cheaper. 

8.  An  engineer  of  a  street  railway  company  is  just  introducing  Economj'  fuses  on 
their  system.  He  believes  the  hazard  between  approved  and  Economy  fuses  is  about 
equal,  while  the  economical  gain  would  appear  to  be  very  marked.  He  said  that  he 
would  feel  it  unfortunate  should  there  be  a  check  placed  upon  the  approval  of  the 
Economy  fuse. 

9.  At  a  wood-working  plant  it  was  learned  that  Economy  fuses  had  been  used  for 
some  time.  They  have  40,  most  of  them  being  15-ampere,  250  volts.  It  was  stated 
that  they  would  frequently  blow  15  fuses  a  day.  Thishigh  rate  is  due  to  the  difference 
in  timber  due  to  seasoning  and  can  not  be  determined  before  placing  the  timber  in 
a  machine.  For  tliis  company  the  Economy  fuse  has  proved  to  be  verj'  satisfactory-, 
a  big  saving,  and  no  apparent  added  hazard.  Anyone  using  a  machine  replaces  a 
fuse  in  case  of  a  failure.  Their  experience  would  indicate  that  when  the  user  is  given 
an  opportunity  to  refill  readily  and  correctly,  a  renewable  fuse  will  not  be  abused  to 
the  extent  that  the  approved  fuse  has  been.  No  economy  had  been  sho\vn  by  saving 
approved  fuses  for  refilling. 
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10.  An  electrical  inspector  for  a  fire-prevention  bureau  stated  that  in  his  belief  the 
Economy  fuse  was  a  step  in  the  right  direction.  Their  use  has  proved  thoroughly 
satisfactory,  and  since  the  present  argument  arose  he  stated  that  he  had  cautioned  his 
inspectors  to  pay  especial  attention  to  risks  using  Economy  fuses.  The  operating 
experience  gained  has  warranted  retaining  them  in  service. 

He  stated  that  he  believed  a  fuse  readily  renewable  by  tlie  user  was  demanded,  its 
use  would  eventually  reduce  the  abuse  of  fuses,  and  that  so  far  as  his  experience  was 
a  criterion  the  Economy  fuse  was  a  step  in  that  direction. 

CLEVELAND,  OHIO 

1.  The  purchasing  agent  for  a  branch  of  a  can-manufacturing  company  stated  tliat 
they  had  used  Economy  fuses  for  only  a  short  time,  in  an  experimental  way  only,  and 
therefore  it  could  not  be  considered  of  value  and  he  did  not  care  to  state  more. 

2.  The  engineer  for  a  machinery  company  stated  he  had  about  80  fuses  in  use,  being 
mostly  old  open-link  type,  but  a  few  Economy  fuses  had  been  used  of  6o-ampere, 
2  50- volt  rating.  These  had  given  satisfactorj'  sers'ice.  It  appeared  to  him  that  the 
use  of  a  fuse  readily  refillable  by  the  user  did  not  introduce  any  greater  hazard.  He 
felt  that  the  overfusing  of  a  circuit  eventually  caused  the  operator  much  more  trouble 
than  fusing  properly. 

For  a  long  time  they  were  imable  to  buy  Economy  fuses.  The  dealers  appeared  to 
be  tmwilling  to  sell  them  and  usually  replied  that  they  were  sending  an  approved 
fuse  to  fill  their  order.  Finally  Economy  fuses  were  obtained  and  had  proved  satis- 
factory. It  was  indicated  that  as  soon  as  business  conditions  improved  Economy 
fuses  would  be  used  throughout  their  plant. 

3.  The  master  mechanic  for  an  electric  railway  company  purchased  a  trial  order  of 
5  and  10  ampere,  600- volt  Economy  fuses  for  use  on  car-lighting  circuits.  Before 
placing  them  in  service  a  rough  test  was  made  by  placing  samples  of  each  size  in  series 
with  a  550-volt  lamp  bank.  The  5-ampere  fuses  opened  the  circuit  readily  but  with 
considerable  noise,  while  the  lo-ampere  fuses  were  completely  demolished,  ■\\Tecking 
the  fuse  block  as  well.     The  fuses  never  went  into  service. 

The  Johns- Pratt  "Noark"  fuse  is  used  by  them  in  general  and  has  proved  entirely 
satisfactory.     So  far  as  known  they  are  mechanically  secure. 

An  effort  has  been  made  to  save  the  old  cases  for  refilling  by  an  outside  interest. 
The  chief  difficulty  has  been  in  obtaining  the  old  shells  in  sufficient  quantities,  as  the 
car  men  throw  them  away. 

This  case  was  the  only  one  found  where  it  was  attempted  to  use  an  Economy  fuse  of 
a  600- volt  rating,  and  they  were  unsatisfactory. 

4.  An  engineer  for  a  bag  company  is  not  using  Economy  fuses  as  their  new  plant 
was  equipped  with  approved  fuses  by  the  contractor.  In  their  old  plant  he  had 
about  130  Economy  fuses,  ranging  from  10  to  75  amperes,  250- volt  rating.  These  were 
very  satisfactory.  All  refilling  was  done  under  his  supervision.  No  effort  was  ma'de 
to  refill  approved  fuses.  As  rapidly  as  the  approved  fuses  of  the  new  plant  fail,  he 
intends  to  replace  them  with  Economy  fuses  of  10  to  75  ampere  rating,  and  it  will 
make  an  installation  of  about  200. 

In  comparing  the  two  types  of  fuses  he  said  he  believed  the  Economy  fuse  was 
thoroughly  good  and  reliable  under  supervision  and  proper  replacing.  In  his  opinion, 
however,  tlie  general  use  of  a  fuse  readily  renewable  by  the  user  would  be  more  of  a 
hazard  than  the  use  of  approved  fuses.  He  realized  that  any  kind  of  fuse  would  be 
misused,  but  was  inclined  to  believe  tliat  a  fuse  which  invited  being  opened  would 
eventually  lead  to  a  greater  amount  of  trouble  in  general  use  than  the  approved  fuse. 
However,  for  factory  service  he  would  readily  indorse  their  use. 

5.  The  engineer  of  a  cloth-manufacturing  company  said  that  they  had  about  800 
fuses  in  use,  of  which  about  20  were  Economv  fuses.     Of  the  latter  he  has  some  200- 
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ampere,  250-volt  fuses  which  are  very  satisfactory  and  readily  and  safely  refilled. 
Refilling  of  Economy  fuses  is  done  under  his  supervision,  and  approved  fuses  are  dis- 
carded when  blowTi.     He  will  place  more  Economy  fuses  in  service  at  an  early  date. 

For  isolated  plant  work  he  feels  Economy  fuses  are  verj-  satisfactory  and  open  to  no 
more  abuse  than  an  approved  fuse  and  introduce  no  more  hazard.  However,  he 
feels  tliat  for  general  service  the  fact  that  they  are  readily  accessible  will  eventually 
increase  the  hazard.  He  feels  that  the  average  inspector  will  be  able  to  detect  the 
general  abuse  of  approved  fuses,  while  with  one  which  may  be  opened  and  in  which 
abuse  may  be  concealed  the  inspector  can  not  hope  to  open  each  fuse  installed  in  a 
risk. 

6.  One  engineer  of  an  office  building  is  not  very  well  informed  as  to  the  success  of 
the  Economy  fuse  in  their  building.  However,  he  believed  another  engineer  had 
kept  a  log  of  the  operating  results  of  their  Economy  fuses  and  the  fact  that  they  had 
about  100  fuses  of  10  and  15  ampere  capacity  would  indicate  they  were  satisfactor>". 
On  tlieir  station  switchboard  I  fotmd  four  loo-ampere  Economj-  fuses  out  of  a  total 
of  some  80  fuses. 

He  said  he  was  in  no  position  to  judge  what  the  relative  hazard  would  be  if  a  renew- 
able fuse  was  given  general  recognition. 

To  summarize  the  information  obtained  through  this  trip  of  inspection,  I  would  say 
that  in  10  interviews  it  was  stated  that  their  belief  was  the  general  use  of  Economy 
fuses  would  not  introduce  any  greater  hazard  than  approved  fuses.  In  4  interviews 
it  was  stated  that  under  competent  supervision,  as  that  provided  in  an  isolated  plant, 
the  risk  would  be  no  greater,  but  that  for  general  risks  the  hazard  would  be  increased. 

Two  parties  visited  had  not  experienced  satisfactory'  results.  In  one  instance 
trouble  had  been  experienced  tlirough  inability  to  maintain  satisfactorj-  contact  of 
the  fuse  element  in  the  ferrule  type  fuses,  while  in  the  other  case  the  fuses  had  been 
subjected  to  a  rough  test  before  placing  fuses  of  a  600- volt  rating  in  service.  Under 
this  test  they  failed,  and  for  the  lo-ampere  size  they  blew  to  pieces  and  wTecked  the 
fuse  blocks,  hence  they  were  never  placed  in  service. 

In  five  cases  fuses  had  been  purchased  and  installed  experimentally  and  in  so  small 
a  number  that  it  has  been  considered  their  informarion  is  not  to  be  considered  as  hav- 
ing any  weight. 

Three  parties  were  called  upon  who  do  not  use  the  Economy  fuse.  Two  other 
parties  were  visited  who  do  not  use  Economy  fuses,  but  as  their  risks  were  tj'pical 
their  opinions  were  worth  seeking. 

MISCELLANEOUS  INSPECTIONS 

In  addition  to  the  inspections  described  in  the  foregoing  a 
considerable  number  of  informal  inspections  were  made  from  time 
to  time  as  opportunity  afforded  by  engineers  of  the  staff  of  the 
Bureau  of  Standards.  Owing  to  their  disconnected  character, 
however,  these  inspections  are  not  reported  in  detail  here.  The 
e\adence  obtained  in  such  inspections,  however,  has  been  duly 
considered,  and  in  general  it  may  be  said  to  agree  with  the  results 
of  tlie  inspections  recorded  above.  In  some  of  these  informal  in- 
spections it  was  found  that  many  of  those  users  who  spoke  very 
favorably  of  Econom)^  fuses,  in  so  far  as  their  experience  with 
tliem  was  concerned,  were  disposed  to  take  the  view  that  it  would 
not  be  wise  to  approve  these  fuses  for  general  use  except  iu  the 
hands  of  experienced  electricians.     It  was  further  brought  out  in 
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these  inspections  that  some  users  do  not  understand  what  is 
meant  by  satisfactory  performance  of  fuse.  In  some  instances  a 
satisfactory  experience  was  reported  with  the  fuses,  but  detailed 
questioning  brought  out  the  fact  that  numerous  explosions  of  the 
cartridges  occurred  under  regular  operating  conditions. 

GENERAL  SUMMARY  OF  INSPECTIONS 

On  account  of  the  detailed  character  of  the  evidence  brought  out 
in  the  inspection  trips,  it  is  difficult  to  obtain  an  accurate  idea  of 
the  results  of  these  inspections  except  by  perusal  of  the  complete 
report.  However,  an  examination  of  these  reports  reveals  a 
number  of  important  facts  of  a  general  nature. 

1 .  Economy  fuses  have  up  to  the  present  time  been  used  for  the- 
most  part  by  the  better  class  of  fuse  users,  who  are  more  competent 
to  handle  them  than  the  average  fuse  user  might  be.  Hence  the 
experience  to  date  can  not  be  said  to  be  of  a  general  character. 

2.  Some  who  fonnerly  used  Economy  fuses  no  longer  do  so 
apparently  because  they  were  not  satisfied  with  the  results 
obtained,  and  in  general  the  present  users  are  more  cautious  in 
their  praise  of  Economy  fuses  than  would  be  expected  if  no  diffi- 
culties in  their  use  has  been  encountered. 

3.  There  is  a  great  deal  of  abuse  of  approved  fuses,  and  also  some 
abuse  of  Economy  fuses,  but  there  is  undoubtedly  less  abuse  of  the 
latter  than  of  the  former  on  the  part  of  the  average  user.  In 
interpreting  this  statement,  however,  it  should  be  borne  in  mind, 
as  mentioned  above,  that  Economy  fuses  have  not  as  yet  been 
widely  used  by  the  less  responsible  classes  of  fuse  users. 

4.  Superficial  statements  of  users  of  Economy  fuses  were  often 
more  favorable  than  the  evidence  brought  out  by  careful  question- 
ing of  the  user.  It  was  also  revealed  that  what  users  consider 
satisfactory  operation  can  not  always  be  considered  so  from  the 
standpoint  of  fire  and  accident  hazard. 

5.  The  abuse  of  approved  fuses  may  take  a  great  variety  of 
forms,  many  of  which  make  it  absolutely  impossible  for  the  fuse 
to  perform  its  proper  ftmction,  thereby  introducing  a  serious  fire 
or  accident  hazard  either  by  lack  of  protection  for  circuits  and 
apparatus  or  by  danger  from  the  operation  of  the  fuse  itself.  The 
chief  form  of  abuse  of  approved  fuses  appears  to  be  the  practice  of 
bridging  the  fuse  on  the  outside  with  heavy  fuse  wire,  copper,  or 
iron  wire,  or  putting  a  nail  or  wire  through  the  center  of  the 
cartridge.  Occasional  forms  of  abuse  met  with  consist  of  taking 
out  the  filler  and  pouring  the  fuse  cartridge  full  of  melted  solder 
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or  placing  a  bolt  through  the  cartridge.  Some  of  these  are 
extremely  difficult  to  detect  on  superficial  examination.  In 
certain  occupancies  the  tendency  to  abuse  approved  inclosed 
cartridge  fuses  is  surprisinglj'  great.  In  one  inspection  trip 
reported  above,  i  out  of  7  fuses  of  a  total  of  379  approved  fuses 
examined  was  found  to  be  improperly  filled.  In  other  inspection 
trips,  however,  the  tendency  to  abuse  such  fuses  was  found  to  be 
relativel}-  small,  indicating  a  wide  diversity  of  practice  in  the 
different  localities  inspected. 

6.  The  e\'idence  obtained  in  these  inspections  shows  that  there 
is  a  large  amount  of  refilling  of  approved  fuses  by  small  shops, 
which  make  this  a  regular  business,  although  the  manufacturers 
'advertise  that  such  fuses  can  be  refilled  by  them  and  offer  to  do  it 
for  the  users.  This,  however,  is  often  not  very  convenient,  and 
it  is  much  easier  to  have  the  work  done  by  some  local  mechanic, 
especiallv  when  a  small  stock  of  fuses  is  carried.  WTien  fuses  are 
refilled  in  this  way  in  small  shops  there  is  no  assurance  that  they 
will  be  properly  refilled,  and  the  evidence  shows  that  in  some  cases 
the}^  are  as  badly  abused  in  refilling  as  when  the  users  themselves 
refill  them  with  improper  fuse  links  or  improper  wire. 

7.  The  evidence  gathered  in  these  inspections  shows  that  while 
there  have  been  numerous  cases  where  individual  Economy  fuses 
have  failed  in  various  ways  to  give  satisfactory  performance, 
nevertheless  no  evidence  available  indicates  that  the  fires  or 
accidents  resulting  from  such  failm-es  exceed  those  which  would 
have  occurred  with  approved  fuses;  so  that  it  can  not  be  con- 
tended, except  by  inference,  that  the  use  of  Economy  fuses  up  to 
the  present  time  has  actually  increased  the  fire  or  accident  hazard. 

8.  The  testimony  of  users  of  Economy  fuses,  although  not 
uniformly  favorable,  seems  to  indicate  that  in  the  main  those  who 
begin  using  Economy  fuses  continue  to  do  so,  which  implies  satis- 
factory service  in  the  majority  of  cases.  This  should  not  be 
adopted  without  reserve,  however,  as  indicating  that  fuses  of  this 
type  should  be  approved  for  general  use  for  several  reasons. 
First,  most  of  the  experience  to  date  has  been  with  a  type  of  fuse 
which  differed  in  several  respects  from  the  type  now  being  sold. 
One  very  important  change  has  been  the  abandonment  of  the  use 
of  the  powder  filler,  the  use  of  which  tmquestionably  gives  better 
performance  than  is  obtained  with  the  present  typ^  of  unfilled 
fuse.  Notwithstanding  the  fact  that  the  use  of  this  filler  was 
abandoned  by  the  Economy  company  about  a  year  ago,  the 
inspectors  of  the  Bureau  of  Standards  foimd  a  great  many  of 
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such  filled  fuses  still  in  use.  The  second  consideration  is  that  the 
experience  is  for  the  most  part  in  connection  with  installations  in 
which  the  fuses  have  been  used  under  the  superv'ision  of  competent 
electricians,  and  in  a  large  proportion  of  the  cases  also  the  fuses 
have  been  used  in  closed  cabinets,  which  would  practically 
eliminate  fire  or  accident  hazards  that  might  otherwise  be  involved 
in  their  use.  A  third  element  involves  the  fact  that  favorable 
testimony  may  often  be  due  to  lack  of  appreciation  of  what  con- 
stitutes satisfactory'  performance,  specific  instances  of  which  are 
pointed  out  above. 

It  appears  from  the  foregoing  that  the  results  of  the  inspections 
made  by  the  Bureau  of  Standards,  while  they  do  not  supply 
evidence  that  could  properly  be  used  as  a  basis  for  condemning 
the  Economy  fuse,  have  nevertheless  brought  to  light  certain 
facts  which  are  in  accord  with  other  evidence  set  forth  in  the 
foregoing  report  which  indicates  that  there  is  still  enough  doubt 
regarding  the  practical  operation  of  the  Economy  fuse  to  make  it 
advisable  to  proceed  cautiously  in  the  extension  of  the  use  of  this 
type  of  fuse  in  order  that  adequate  experience  may  be  gained 
regarding  its  performance  under  all  service  conditions  without 
creating  conditions  that  might  involve  a  material  increase  in  the 
fire  or  accident  hazard. 

VII.  STATEMENT  SUBMITTED  BY  ECONOMY  FUSE  &  MAN- 
UFACTURING  CO.   SUBSEQUENT  TO   HEARING 

Chicago,  October  20,  IQIS. 
BlTREAU  OF  Standards, 

Washington,  D.  C. 

Re  Underwriters'  Laboratories  vs.  Economy  Fuse  and  Manufacturing  Co. 

Fuse  Question 

Gentlemen:  We  expect  to  hear  from  the  Bureau  if  any  additional  evidence  or 
arguments  are  filed  or  made  which  are  to  have  any  weight  with  the  Bxu-eau,  informing 
us  of  the  nature  and  points  to  be  answered. 

In  the  meantime,  because  of  the  great  amount  of  effort  expended  on  tests  since  the 
extension  of  time  was  granted,  and  because  of  certain  matters  which  have  come  t<5 
our  attention  diu^ng  the  progress  of  these  tests  as  to  the  stress  placed  or  to  be  placed 
by  the  representatives  of  the  standard  fuse  makers  upon  phases  of  the  question  sub- 
mitted for  answer,  which  were  not  contemplated  by  either  the  Laboratories  or  the 
Economy  Fuse  &  Manufacturing  Co.,  and  which  do  not  enter  into  the  decision  of  the 
question  submitted,  we  are  taking  the  liberty  of  again  addressing  the  Bureau  to  place 
before  it  once  more,  in  concrete  form,  what  it  is  the  Bureau  has  been  called  upon  to 
answer. 

We  refer  the  Biueau  again  to  our  letter  of  July  27,  1915,  and  our  former  arguments. 

It  is  a  matter  of  the  utmost  importance  to  this  company  that  certain  salient  points 
be  not  overlooked. 
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First,  that  it  is  the  use  of  the  Economy  fuse  which  is  in  question.  Field  experience 
has  been  the  constant  cry. 

Second,  that  the  Economy  fuse  is  not  to  be  discriminated  against  by  comparison 
■n-ith  a  favored  few  of  the  standard  makes. 

As  to  the  first,  it  must  be  borne  in  mind  by  the  Bureau  that  the  dispute  is  between 
the  Underv\Titers'  Laboratories  (Inc.)  and  the  Economy  Fuse  &  Manufacturing  Co., 
because  of  claimed  unjust  discrimination  against  the  Economy  fuse  by  reason  of  its 
renewable  features. 

The  Underwriters'  Laboratories,  as  the  one  authority  in  the  insurance  world,  have 
the  measuring  devices  for  testing  the  fuses,  and  fuses  which  meet  their  requirements 
must  be  passed  by  them  or  discrimination  exists.  They  have  measiu'ed  the  Economy 
fuses  as  they  measure  all  other  similar  fuses,  and  have  reported  that  the  Economy  fuse 
complies  in  all  ways  with  the  requirements  so  as  to  make  it  standard  thereunder, 
with  the  exception  that  the  renewable  feature  distinguishes  it  in  such  a  way  as  to 
render  it  necessar\-  that  it  be  sho\\-n  that  this  feature  has  not  rendered  the  fuse  in  use 
a  greater  fire  hazard  than  other  fuses  designed  for  the  same  purpose. 

The  Laboratories  are  committed  to  the  opinion  that  from  such  evidence  as  they  had 
such  renewable  features  not  only  would  not  make  the  use  of  the  fuse  a  greater  fire 
hazard  but  would  tend  to  reduce  the  fire  hazard  incident  to  the  use  of  so-called  non- 
refillable  types  because  of  the  frequent  abuse  of  this  tj'pe  which  the  easy  renewable 
features  of  the  Economy  fuse  seem  to  remedy  to  at  least  some  extent. 

The  question  is,  "Has  it  been  shown  that  the  use  results?"  which  means  and  was 
intended  to  mean  under  actual  existing  conditions  in  the  field. 

That  the  use  of  Economy  fuses  does  not  result  in  any  greater  hazard  has  been  amply 
shown. 

(a)  Standard  fuses  are  continually  abused  so  as  to  cause  a  great  fire  hazard. 

(6)  Economy  fuses  are  so  usually  properly  refilled  that  the  hazard  from  the  improper 
use  of  standard  fuses  is  greatly  reduced. 

(c)  The  hazards  seldom,  if  ever,  result  from  violent  operation  of  the  fuse  itself,  but 
the  chief  hazard  comes  from  the  abuse  of  the  fuse  which  destroys  its  use  as  a  protective 
device.  The  accident  occiu-s  beyond  the  fuse  because  it  does  not  perform  its  proper 
function. 

Disruptive  effects  in  operation  in  the  fuse  itself  do  not  constitute  the  real  danger. 

Violent  operation,  if  the  fuse  immediately  opens  the  circuit,  is  much  less  a  hazard 
than  less  violent  operation  with  more  or  less  sustained  arc. 

Stress  has  been  laid  on  the  changes  in  design  of  Economy  fuses.  No  stress  is  laid 
on  the  changes  in  design  of  standard  fuses  which  admittedly  exists.  Vide,  D.  &  W. 
and  statements  made  by  standard  fuse  maker  representatives  at  the  recent  tests,  and 
see  samples  furnished  by  makers  for  recent  tests. 

No  change  in  used  designs  in  Economy  fuses  have  resulted  in  an  unfavorable  report 
from  the  Underwriters'  Laboratories  after  tests. 

The  changes  go  only  to  the  effect  on  the  user  in  refilling. 

They  have  consisted  solely  in  the  gradual  elimination  of  the  filling  material,  the 
^curing  of  metal  to  metal  pressure  for  contact,  the  adoption  of  the  drop-out  link. 

The  other  changes  referred  to  are  admittedly  minor  and  unimportant. 

The  refiUable  features  have  always  been  the  same ,  changes  tending  only  to  greater 
ease  in  refilling. 

From  the  use  standpoint  the  experience  has  been  since  1912. 

The  elimination  of  the  filling  material  is  an  obvious  aid  to  proper  refilling.  It  does 
away  ■n-ith  intentional  or  unintentional  forgetfulness. 

The  metal-to-metal  pressure  in  the  ferrule  type  and  the  drop-out  link  equally 
obviously  can  have  no  relation  to  use  as  to  proper  refilling. 
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TEST  COMPARISON 

As  far  as  real  scientific  fuse  tests  are  concerned,  recent  experiments  have  shown  this 
field  has  only  been  touched  and  that  there  are  many  uncertain  factors,  and  in  the 
present  stage  of  development  in  test  work  and  reading  aright  the  results  for  practical 
application  they  should  have  little  weight.  Fuses  to  be  tested  should  be  carefully 
examined  as  to  construction,  both  as  to  filling  material  and  fuse  element,  to  know 
that  they  are  the  ordinary  marketed  product.  There  are  too  many  uncertain  factors 
to  render  comparative  tests  of  scientific  value. 

As  was  stated  in  our  letter  of  July  27,  in  granting  the  extension  of  time: 

The  standard  fuses  are  gauged  by  the  Laboratories  and  the  Laboratories  have 
gauged  the  Economy  fuses  by  the  same  tests  and  reported  on  every  size  and 
voltage  except  the  600- volt  fuse  60-amperes  and  over,  and  these  tests  and  reports 
show  tliat  the  Economy  fuses  meet  the  requirements  for  listing  in  the  same  way 
that  standard  fuses  do,  but  the  question  which  the  Laboratories  refused  to  pass 
upon  was.  Does  the  use  of  Economy  fuse  show  an  increased  fire  hazard  over  the 
use  of  the  standard  listed  fuses  by  reason  of  its  renewable  features? 

Our  observation  at  the  recent  tests  in  Boston  and  Chicago  was  that  on  the  2  50- volt 
line  the  disruptive  effect  was  present  in  all  but  two  makes;  in  one  it  was  vastly  more 
severe  and  larger  in  percentage  than  in  the  "  Economy." 

In  the  rating  tests  our  information  is  that  Economy  fuses  stood  the  tests  better 
than  any  make  tested,  except  two  which  had  no  failures  where  the  Economy  had  one 
only. 

In  the  Chicago  600-volt  tests  the  Economy  30-ampere  and  400-ampere  were  fully 
the  equal  to  any  tested;  while  the  disruptive  effect  of  the  intermediate  sizes  was 
severe,  a  great  many  of  the  standard  fuses  were  mutilated  and  the  difference  in  opera- 
tion was  largely  one  of  severity  of  the  disruptive  effect,  not  the  lack  of  it  on  the  one 
hand  and  the  presence  of  it  on  the  other. 

A  fuse  which  holds  an  arc  is  a  far  greater  hazard  in  use  than  one  which  opens  the 
circuit  immediately,  altliough  the  disruptive  effect  in  immediately  opening  the 
circuit  may  in  some  cases  be  somewhat  greater  in  violence.  The  oscillograms  of 
the  tests  in  Boston  and  Chicago  speak  far  more  effectively  of  the  safety  in  the  use 
of  the  Economy  fuse  because  they  show  what  actually  takes  place  is  the  immediate 
interruption  of  the  current  as  against  the  slower  interruption  or  continued  arcing 
sho\\'n  in  many  of  the  standard  makes  which  on  blowing  gave  less  offense  to  the  eye 
and  ear. 

We  have  tabulated  the  results  of  these  tests  from  the  test  sheets  furnished  by  the 
Bureau,  and  give  below  a  general  summary':  ' 

Test  Records 
250-VOLT  LINE 


Number 
blown 

Noise 

Flash 

Kesults 

Make  of  fuse 

Ignited 
cotton 

Mechanical 
failures 

121 
46 
57 
58 
52 
64 
57 

69=57% 

44=95.6% 

34-  59.  7'';, 

40=68.9% 

45=86.5% 

34-53.1% 

51=89.5% 

46=38% 

31=67.4% 

32=56%, 

11=19% 

35=67.3% 

10=15.6% 

47=82.5% 

31=25.6% 
7=15.2% 
5=  8.1% 
2=  3.4% 
1=  1-9% 

11=  9.1% 
25=54.3% 
2=  3.5%, 
3=  5.2% 
1=   1.9% 

n 

V .      . 

IV. 

m 

VI 

I 

9  The  following  discussion  was  prepared  by  the  Economy  Fuse  &  ManuJacturing  Co.  from  the  original 
test  record  before  it  had  been  studied  and  revised  by  the  Bureau  of)  Standards.  The  official  interpreta- 
tion of  these  tests  by  the  Bureau  will  be  found  in  Section  V  of  this  report. 
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Test  Records — Continued 
600-VOLT  LINE 


Number 
blown 

Noise 

Flasli 

Results 

Make  of  fuse 

Ignited 
cotton 

Mechanical 
failures 

Economy 

103 
71 
61 
49 
58 
62 
60 

51=49.5% 

52=73.2% 

43=70.5% 

42=85.7%, 

29=50% 

31=50% 

54=90% 

45=43.7% 
32=45.1% 
42=68.7% 
2=  4.1% 
18=31% 
17=27.4% 
47=78.7% 

29=28.1% 
5=  7% 
12=19.7% 

33-32.6% 

II... 

12=16.9% 
7=11.4%. 

V 

IV 

nt 

VI 

I 

1=   1.7%, 

17=28.3%, 

We  wish  to  draw  attention  to  the  following  facts: 

That  on  the  2  50- volt  line  twice  as  many  Economy  fuses  were  blown  as  of  any  other 
make. 

That  all  but  two  makes  showed  failures  or  mechanical  disruption. 

That  all  but  two  makes  ignited  cotton. 

That  there  was  flash  in  all  makes. 

That  there  was  noise  in  all  makes. 

That  II  performance  was  in  every  particular  worse  than  Economy. 

That  V  performance  was  only  slightly  better. 

That  the  "Economy"  performance  compares  favorably  with  that  of  a  majority  of 
makes. 

On  the  600- volt  line  we  point  out: 

That  while  "  Economy  "  shows  a  higher  percentage  of  failures,  this  is  due  largely  to 
sizes  between  the  "30's"  and  "400  s." 

As  appears  from  the  detailed  tabulation  following: 

Economy  30's  were  the  equal  of  any  tested,  and  the  400 's  showed  only  one  failure 
and  the  V  showed  one  failure  also,  and  in  addition  ignited  cotton,  whereas  the  II 
showed  three  failures  out  of  five  tested  on  the  400 's  and  all  three  ignited  cotton. 

The  "Economy"  performance  on  "loo's"  and  "200's"  was  12  failures  out  of  14 
blown,  yet  II  showed  i  out  of  3  on  the  "  100 's." 

The  "  Economy ' '  performance  on  "  6o's  "  was  13  failures  out  of  3 1  blown. 

Of  the  I  "6o's,"  II  were  failiu"esout  of  17  blown,  of  II  7  were  failures  out  of  20  blown, 
of  V  6  were  failures  out  of  15  blown. 

On  all  tests  of  Economy  fuses  in  series,  the  actual  service  condition  in  the  use  of  all 
fuses,  except  on  special  service,  usually  in  600-volt  railroad  work,  there  was  not  one 
failure  in  any  way. 

The  attention  of  the  Bureau  should  not  be  diverted  from  the  fact  that  the  Economy 
fuse  is  not  being  compared  to  the  most  favored  or  the  best  of  the  standard  fuses,  but 
to  the  worst;  if  any  approved  fuse  is  as  much  of  a  hazard  as  tlie  Economy  in  its  use,  it 
is  sufficient. 

Factory-refilled  fuses  are  not  tested. 

Factory  refilling  of  fuses  is  urged  on  users  by  insiuance  inspection  departments,  and 
is  commonly  practiced. 

In  the  tests  conducted,  this  company,  in  accordance  with  its  agreement  of  submis- 
sion W'ith  the  Underwriters'  Laboratories,  has  been  but  a  passive  onlooker;  such  active 
part  as  has  been  taken  has  been  through  courtesy  to  the  department. 

Neither  the  company  nor  the  Laboratories  have  felt  that  tliey  were  being  in  any 
way  gauged  by  these  makers'  tests,  and  have  not  for  that  reason  gone  into  any  defensive 
phases  of  the  test  situation. 

Tests  were  satisfactory  to  the  Laboratories. 
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The  question  is  one  of  field  experience  as  to  the  additional  hazard,  if  any,  in  the  use 
of  a  renewable  fuse  with  the  safe  and  easy  renewable  features  of  the  Economy. 

It  was  said  at  the  hearing  by  Mr.  Merrill,  "  Nothing  that  is  ^v^ong  eventually  prevails 
in  America."     It  will  continually  come  up  until  made  right. 

Is  not  that  truism  examplified  in  the  experience  of  this  company  with  this  question  ? 

That  Economy  fuses  constitute  a  distinct  extra  fire  hazard  has  been  stated  and 
repeated,  it  has  been  impressed  upon  the  minds  of  users  by  insurance  inspectors 
requiring  their  removal  on  this  accoimt,  and  the  standard  fuse  makers  have  overlooked 
no  opportunity  to  bring  home  the  same  cry. 

Think  of  it!  What  article  of  commerce  could  survive  such  statements  concerning  it 
were  they  in  any  way  true,  and  even  though  not  true  it  would  take  an  article  of  extraor- 
dinary merit  to  sell  in  the  face  of  such  condemnation. 

What  can  the  continuing  and  increasing  use  of  the  Economy  fuses  (see  list  of  sales  in 
the  last  six  montlis  below)  in  the  face  of  all  this,  prove  except  that  these  statements 
are  false,  and  that  it  is  of  exceptional  merit  and  fills  a  definite  need? 

Sales  From  May  1,  1915,  to  Oct.  16,  1915,  Inclusive 


3-30  A 

31-60  A 

61-100  A 

101-200  A 

401-600  A 

Special 

Total 

167  111 

279  456 

21027 

73  885 

46  688 

105  722 

9  136 

35  133 

20  876 
59  025 
4  726 
15  438 

2  831 

11  228 

524 

1238 

704 
890 
80 
132 

14 
1050 

18 
1  175 

250-v  links 

600-v  fuses 

600-v  links 

500  436 
37  132 
136  511 

One  after  another  the  insurance  inspectors,  who  have  taken  the  trouble  to  investi- 
gate the  merits  of  the  fuse  and  to  study  its  use  in  the  field  and  to  compare  it  under 
test  with  other  fuses,  have  acknowledged  their  error. 

The  users  of  fuses  of  all  classes,  large  and  small,  after  thorough  trial,  because  of  the 
statements  made  against  the  fuse,  have  come  to  standardize  the  Economy  fuse. 

What  can  all  this  mean  except  that  the  Economy  fuse  does  not  only  constitute  no 
greater  fire  hazard  than  other  makes  of  fuses,  but  in  reality  is  a  safety  device? 
Respectfully, 

Economy  Fuse  &  Manufacturing  Co., 
By  A.  L.  EusTicE,  President. 

VIII.  EVIDENCE  AND  STATEMENT  SUBMITTED  BY  MANU- 
FACTURERS OF  APPROVED  FUSES,  SUBSEQUENT  TO  THE 
FORMAL  HEARING 

A  number  of  manufacturers  of  approved  fuses  submitted  a  con- 
siderable number  of  exhibits  consisting  of  specimens  of  fuses, 
mostly  of  the  Economy  make,  which  had  been  subjected  to  more 
or  less  abuse  in  service,  and  also  some  fuses  which  had  been  sub- 
jected to  their  rated  current  for  a  stated  period  on  test.  There 
was  also  submitted  by  Guy  Cunningham,  representing  several 
manufactiu-ers  of  approved  fuses,  a  statement  summarizing  the 
evidence  in  the  case  as  viewed  by  him. 

These  exhibits  and  the  statement  by  Guy  Ctmningham  are 
given  below.  The  arrangement  of  the  exhibits  and  comments 
thereon  are  due  to  the  Bureau  of  Standards. 
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LIST   OF  EXHIBITS   SDBMITTED   AS   EVIDENCE   SUBSEQUENT  TO   THE 

FORMAL  HEARING 

EXHIBIT  A 

H.  R.  Sargent,  managing  engineer,  wiring  supplies  department.  General  Electric 
Co.,  Schenectady,  N.  Y.,  sends  under  date  of  November  i  the  following  fuses: 

1.  A  600-ampere  600- volt  Economy  fuse  which  was  bloivn  once  and  carbonized. 
This  shell  has  one  thread  completely  carbonized  and  two  places  in  the  interior  at 

approximately  the  position  of  the  plates  which  clamp  the  fuse  element  to  the  leading- 
in  conductor. 

2.  A  sample  refillable  fuse,  the  tubing  of  which  is  in  no  way  fitted  to  stand  the 
strain  generated  with  an  inclosed  fuse. 

This  fuse  is  not  of  the  Economy  type,  and  therefore  is  not  considered  in  the  investi- 
gation .  

EXHIBIT  B 

Sixtj'-ampere  250-voIt  Economy  fuse,  with  old-st>-le  cap  construction,  submitted 
by  Guy  Cuimingham,  under  date  of  October  14,  from  Hartford,  Conn.  Fuse  refilled 
with  copper  wire  and  filled  witli  some  light  foreign  material.  The  fuse  is  in  good 
condition.     It  has  apparently  been  in  use  for  some  time. 

EXHIBIT  C 

Ten  30-ampere  250-voIt  Economy  fuses,  submitted  by  Guy  Cunningham  under 
date  of  November  4.  Fuses  were  rated  by  the  Bryant  Electric  Co.  for  not  over  95 
hours,  on  runs  of  less  than  10  hours  per  day.  Every  precaution  was  taken  that  the 
current  should  not  exceed  the  rated  current. 

These  fuses  in  many  cases  had  heat  discolorations  of  the  brass  caps  and  screw  plugs. 
In  many  instances  the  fiber  shell  was  darkened.  The  caps  in  some  cases  were  loose 
at  the  threads. 

EXHIBIT  D 

Ten  60-ampere  2  50- volt  Economy  fuses,  submitted  by  Guy  Cimningham  under 
date  of  November  4.  Fuses  were  rated  by  the  Bryant  Electric  Co.  for  not  over  95 
hours,  on  runs  of  less  than  10  hours  per  daj^.  Every  precaution  was  taken  that  the 
current  should  not  exceed  the  rated  current.  The  characteristic  discolorations  of  the 
caps,  screw  plugs,  and  shells  were  apparent,  as  in  the  case  of  the  30-ampere  size,  but 
more  marked,  and  in  two  instances  the  charring  resulted  in  the  breaking  ofi  of  a  brass 
cap  and  threaded  portion  ofxthe  fiber. 

EXHIBIT  E 

Four  250-volt  0-30-ampere  size  old  style  Economy  fuses,  submitted  under  date  of 
October  30  by  Guy  Cunningham,  sent  to  him  by  the  Bryant  Electric  Co.,  who  obtained 
tliem  from  a  factory  in  Bridgeport,  Conn.  These  are  wrongly  refilled  with  fuse  wire. 
In  two  instances  a  filler,  which  was  not  present  on  examination,  seems  to  have  been 
used.  All  fuse  parts  are  in  gooa  condition,  although  they  seem  to  have  been  much 
used. 

EXHIBIT  F 

Ten  60-ampere  250-volt  Economy  fuses,  submitted  by  Guy  Cimningham.  luider 
date  of  October  30.  These  have  been  run  97  hours  at  rated  load.  Four  of  these  are 
badly  charred  at  the  fiber  threads.     The  other  six  are  not  visibly  weakened. 

EXHIBIT  G 

Three  0-30-ampere  600-volt  and  one  0-30-ampere  250-volt  old-style  cap  construc- 
tion Economy  fuses,  submitted  by  Guy  Cunningham  imder  date  of  October  30,  re- 
ceived by  him  from  the  D.  &  W.  Fuse  Co. ,  who  obtained  them  from  a  brewing  company. 

The  tlireaded  portions  on  these  fuses  are  charred  at  one  end.  No  discoloration  of 
the  caps  is  apparent. 
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EXHIBIT  H 

Ten  30-anipere  250- volt  Economy  fuses  submitted  by  Guy  Cunningham  under  date 
of  October  30.  These  fuses  were  nm  98  hours  intermittently.  In  some  instances  the 
fuses  appear  to  have  had  a  shrinkage  of  tlie  fiber  cases,  loosening  the  caps.  With  the 
exception  of  a  few  instances  where  the  fiber  seems  to  be  darkened,  no  other  deteriora- 
tion can  be  observed. 

EXHIBIT  I 

Two  60-ampere  250- volt  Economy  fuses  submitted  by  Guy  Cimningham  from  Chi- 
cago, and  one  30-ampere  250-volt  fuse  of  imknown  make,  but  having  refillable  char- 
acteristics, submitted  by  Mr.  Cunningham  from  Philadelphia,  under  date  of  October 

3°- 

All  of  these  fuses  are  stated  to  have  been  badly  charred  and  apparently  are  in  that 
condition.  The  30-ampere  fuse  is  not  an  Economy  fuse,  and  therefore  is  not  con- 
sidered in  this  investigation. 

EXHIBIT  J 

Three  50-ampere  and  one  60-ampere  250-volt  Economy  fuses  with  old-style  caps, 
and  one  30-ampere  250-volt  Economy  fuse,  submitted  by  Guy  Cunningham,  under 
date  of  October  30,  and  obtained  from  a  user  in  South  Framingham,  Mass. 

These  fuses  are  all  badly  charred  at  tlie  threads  and  in  all  but  two  instances  caps 

have  been  broken  off. 

EXHIBIT  E 

One  30-ampere,  one  60-ampere  new  style,  and  one  60-ampere  old-style  cap  250-volt 
Economy  fuses,  submitted  by  Guy  Ciuinlngham  under  date  of  October  30.  Mr.  Cun- 
ningham received  these  from  the  D.  &  W.  Fuse  Co.,  who  obtained  them  in  Atlanta, 
Ga.  They  are  stated  to  have  been  charred,  but  on  inspection  this  is  hardly  percep- 
tible. This  fiber  is  similar  to  that  in  some  of  the  Economy  fuses  submitted  by  the 
D.  &  W.  Fuse  Co.,  after  aging,  for  short-circuit  test.  In  no  instance  has  appreciable 
charring  occtured  in  these  fuses.  In  one  instance,  however,  the  fiber  has  shrunk, 
leaving  the  cap  somewhat  loose  on  the  shell  threads. 

EXHIBIT  L 

Ten  30-ampere  250-volt  Economy  fuses,  run  95  hours  at  rated  load  by  the  Johns- 
Pratt  Co.,  submitted  by  Guy  Cunningham  xmdor  date  of  October  30.  It  is  stated 
that  these  fuses  seem  to  be  badly  weakened.  Putty  marks  are  in  evidence  in  some 
instances  where  thermometers  were  used  to  observe  temperatures  of  the  fiber  shell. 
In  every  case  the  fiber  seems  to  have  been  darkened,  owing  to  heat.  Three  fuses  are 
marked  "blown  on  load"  at  12  minutes,  26J^  hours,  and  63  hours'  run,  respectively." 
The  fiber  has  shnmk  appreciably  in  most  instances,  but  only  slight  charring  effect 

is  observed . 

EXHIBIT  M 

One  30-ampere  250-volt  Economy  fuse,  submitted  by  Guy  Cimningham  under  date 
of  October  30,  and  received  by  him  from  Minneapolis,  Minn.  This  fuse  is  noted  as 
being  burned  out  at  terminals.  This  fuse  on  inspection  was  fotmd  to  have  been  filled 
with  two  30-ampere  fuse  links,  one  of  which  had  been  blown,  but  all  parts  of  the 
fuse  are  in  good  condition. 

EXHIBIT  N 

Ten  60-ampere  250-volt  Economy  fuses,  submitted  by  Guy  Cunningham  imder 
date  of  October  30.  These  fuses  had  been  run  95  hours  at  rated  load  by  the  Johns- 
Pratt  Co.  They  were  stated  to  be  dried  out  and  visibly  weakened.  One  fuse  is 
marked  "  Defective  terminal. "  On  inspection  this  showed  threads  at  one  end  of  the 
fiber  shell  to  have  been  stripped.  Apart  from  a  slight  shrinkage  of  the  threads  on 
three  of  the  fiber  shells,  no  other  deterioration  could  be  observed. 
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EXHIBIT  o 

One  2s-ampere  250- volt  Economy  fuse,  submitted  under  date  of  October  30  by  Guy 
Cunningham,  after  use  in  Kansas  Cit\-,  Mo.  The  fuse  was  marked  overfused  with 
double  fuse  link.  One  25  and  one  15  ampere  link  were  employed.  The  fuse  does 
not  appear  to  have  been  defective  in  any  way. 

EXHIBIT  p 

One  60-ioo-ampere  600-volt  Economy  fuse,  submitted  by  Guy  Cimningham  from 
Kansas  City,  stated  to  be  refilled,  with  washers  omitted.  Inspection  showed  that  the 
outer  brass  and  leather  washers  had  been  omitted  at  both  ends.  All  parts  of  the  fuse 
are  otherwise  in  good  condition. 

EXHIBIT  R 

This  exhibit  consists  of  five  fuses  submitted  by  C.  H.  Hill,  chief  electrical  inspector 
of  the  Underwriters  Association  of  the  middle  department.  This  was  submitted  in 
compliance  with  a  formal  request  from  the  Bureau  of  Standards.  Fuse  tagged  No.  i 
is  an  Economy  60-ampere  2 50- volt  fuse  with  old-stj-le  cap,  in  which  material  other 
than  that  for  a  standard  fuse  has  been  employed .  Inspection  revealed  a  broken  washer 
and  the  use  of  iron  wire  as  a  fuse  element.     Fuse  cartridge  was  in  good  condition. 

Fuse  No.  2  is  a  60-ampere  250- volt  D.  &  W.  fuse  and  is  likewise  improperly  refilled. 
Inspection  showed  a  piece  of  veiy  heavy  fuse  wire  soldered  between  the  caps,  with 
no  filling  present.     The  solder  at  one  end  of  a  cap  was  melted  away. 

Cartridges  Nos.  3  and  4  are  of  the  60-ampere  250-volt  Econom3'  make.  It  is  stated 
that  the  Economy  company  advised  the  failures  were  due  to  material  which  thej' origi- 
nally used  but  subsequently  abandoned.  The  fiber  shells  only  are  submitted  and 
show  a  decided  charring  at  the  threads.  Indications  are  that  they  have  been  repeat- 
edly blown.  The  appearance  of  the  fiber  is  verj-  similar  to  that  used  by  the  Econ- 
omy company  at  the  present  time . 

A  60-ampere  fuse  element  accompanied  Nos.  3  and  4  and  is  badly  fused  at  the  ends 
where  the  contact  was  made . 

No.  5  is  a  standard  D.  &  W.  screw  type  fuse  plug  in  which  the  fuse  element  has 
been  replaced  by  a  lead  washer  and  a  galvanized-iron  pipe  coupling,  indicating  the 
extent  to  which  a  plug  fuse  may  be  misused. 

EXHIBIT  S 

Two  60-ampere,  250-volt  Economy  fuses  which  were  aged  and  submitted  by  the 
D.  &  W.  Fuse  Co.  diuing  the  short-circuit  tests  made  b)'  the  Bureau  at  Boston,  Mass. 
These  two  fuses  were  not  blown  by  the  Bureau  at  that  test,  but  were  saved  because 
of  the  apparently  different  t->-pe  of  fiber  used  as  compared  with  the  type  which  was 
supplied  by  the  Economy  Fuse  &  Manufacturing  Co. 

STATEMENT   SUBMITTED   BY   GUY   CUNNINGHAM,   ATTORNEY  FOR 
MANUFACTURERS  OF  APPROVED  FUSES 

I.  General  Statement. — In  response  to  your  letter  of  September  27  to  the  Chase- 
Shawmut  Co.  and  other  letters  of  a  similar  tenor  to  other  makers  of  approved  fuses 
and  the  request  of  Mr.  McCollum  at  Chicago,  I  have  considered  the  tests  made  at 
Boston  and  Chicago  in  connection  with  the  oscillograms  and  make  the  following 
suggestions  on  the  whole  matter: 

This  letter  is  filed  in  behalf  of  the  D.  &  W.  Fuse  Co.,  the  Chase-Shawjnut  Co.,  the 
Johns-Pratt  Co.,  and  the  Br>-ant  Electric  Co.  I  have  no  doubt  that  the  Chicago  Fuse 
ilanufacturing  Co.  and  the  Detroit  Fuse  &  Manufacturing  Co.  may  agree  with  these 
statements,  but  I  am  not  actually  retained  by  them  and  have  had  no  opportunity 
to  consult  them  before  filing  this  letter.     I  wish  further  to  explain  that  owing  to  the 
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fact  that  the  oscillograms  were  only  received  from  Chicago  by  me  this  morning, 
October  28,  that  I  have  been  obliged  to  write  this  letter  in  a  great  hurry. 

It  is  apparent  from  the  tests  both  in  Boston  and  Chicago  that  the  conditions  imposed 
by  the  Underivriters  are  easily  met  by  all  fuses  properly  designed  and  made.  This 
appears  from  the  fact  that  three  makes  of  fuses  of  the  filled  type  operated  more  than 
9Q  per  cent  perfect,  while  the  Bryant  fuses  operated  perfectly,  except  in  the  30  and 
60  ampere  sizes,  at  600  volts.  The  Union  and  Arkless  fuses  also  showed  defects  in 
operation  in  certain  classes.  The  Union  and  Bryant  companies  had  both  been  warned 
of  these  defects  by  the  Underwriters  and  were  bound  to  correct  them  and  were  doing 
so  when  the  tests  occurred.  The  fact  of  the  existence  of  defects  in  certain  classes 
of  fuses,  which  the  Undcnvriters  had  directed  the  manufacturers  to  correct,  is  no 
ground  for  saj'ing  that  the  Underwriters  should  approve  the  Economy  fuse,  which 
operated  much  worse  than  the  Union  and  Arkless  fuses.  The  proper  action  for  the 
Under\\Titers  is  to  withdraw  the  approval  of  any  fuses  which  have  been  approved 
and  are  later  found  not  to  meet  the  tests  and  to  refuse  approval  of  those  which  do  not 
meet  the  tests. 

2.  Economy  Fuse  on  Short  Circuit. — The  action  of  the  Economy  fuse  under  the 
tests  imposed  by  the  Undervrnters'  conditions  was,  on  the  contrar)\  such  as  to  prove 
that  fuse  unable  to  meet  the  Underwriters'  requirements.  The  operation  in  more 
than  one-third  of  the  cases  was  dangerously  defective  either  in  igniting  cotton  or 
exploding  the  cartridge  or  blowing  off  the  ferndes. 

It  is  clear  beyond  question  therefore  from  the  Chicago  tests  that  the  Economy 
fuses  do  result  in  a  greater  fire  or  accident  hazard  than  the  use  of  the  fuses  approved 
by  the  Underwriters  in  cases  of  a  severe  short  circuit.  The  possibility  of  siich  a 
severe  short  circuit  is  exceptional,  but  a  fire  or  accident  loss  is  always  exceptional. 
Insurance  rates  are  frequently  much  less  than  i  per  cent  and  what  the  UnderwTiters 
strive  to  provide  against  is  against  risks  which  will  cause  fire  once  in  a  hundred  years. 
Unless  all  the  risks  of  fire  added  together  in  a  plant  insured  at  considerably  less  than 
I  per  cent  are  so  small  that  a  serious  fire  will  not  occur  more  than  about  once  in  a 
hundred  years,  the  insurance  companies  must  raise  their  rates.  Accordingly  the 
questions  here  is  not  whether  the  Economy  fuse  may  be  used  safely  for  one  day, 
one  week,  one  month,  or  one  year,  but  whether  in  the  course  of  fifty  or  one  hundred 
years  steady  xise  of  Economy  fuses  will  not  result  in  fire  or  accident  more  often  than  the 
approved  fuses.  Such  a  greater  risk  is  not  to  be  regarded  as  slight  in  the  eyes  of  the 
Underwriters,  and  no  matter  how  slight  the  increase  the  Bureau  has  no  right  to  disre- 
gard it  under  the  terms  of  the  arbitration.  If  the  Economy  fuse  operates  worse  on 
severe  short  circuit,  as  it  undoubtedly  does,  that  in  itself  proves  the  case  of  the  Under- 
writers. 

3.  Severe  Inductile  Kick  of  Economy  Fuse. — The  oscillograms  show  that  when  there 
is  a  normal  amount  of  inductance  in  the  circuit,  as  at  Boston,  the  Economy  fuse  on 
blowing  sets  up  dangerous  oscillations  and  shows  frequently  a  dangerously  high 
indtictive  kick.  This  puncttu'ed  the  voltmeter  in  one  case  in  Boston.  On  the  other 
hand,  the  standard  fuses  show  no  dangerous  oscillations  and  the  inductive  kick  can 
be  kept  within  any  desired  bounds.  The  Bryant  fuses  operated  perfectly  at  250 
volts,  seldom  showing  a  voltage  kick  of  more  than  30  or  40  per  cent  above  normal. 

Accordingly  the  Economy  fuse  is  in  this  respect  also  a  greater  fire  hazard  than  the 
approved  fuses.  It  is  to  be  remembered  that  the  effeci.  of  this  kick  may  show  anywhere 
in  the  line,  even  in  the  most  unexpected  places,  as  in  the  voltmeter  at  Boston.  The 
danger  is  e.Kceptional,  but  that  is  what  the  Undersvriters  have  to  exclude  to  give 
I  per  cent  rates. 

4.  Economy  Casing  Chars  Quickly  and  Badly. — The  tests  further  showed  that  as 
soon  as  the  fiber  casing  of  the  Economy  fuse  has  been  subjected  to  the  heat  caused 
by  running  a  comparatively  short  time  at  normal  load,  the  casing  will  be  so  weakened 
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that  the  fuse  \viU  either  actually  burn  through  or  explode  on  short  circuit  or  blow  off 
its  end  caps. 

This  charring  of  the  Economj-  casing,  on  a  very  short  run,  at  normal  load,  is  usually 
due  to  a  poor  contact,  due  to  the  fact  that  the  Economy  fuse,  in  order  to  be  made 
readily  refillable  by  the  user,  relies  upon  a  screw  contact. 

In  a  former  type  of  fuse  placed  on  tlie  market  by  the  Economy  company,  and  now 
in  use  in  very  large  quantities,  innumerable  cases  of  the  burning  off  of  the  end  cap 
have  occurred,  and  I  am  about  to  send  to  the  Biireau  a  large  number  of  samples  of 
such  btuning.  In  considering  the  question  of  approving  Economy  fuses,  it  is  proper 
for  the  Unde^^Titers  to  note  that  these  fuses  are  left  in  use  by  the  Economy  company 
and  are  not  replaced  until  they  bum  up. 

In  the  present  type  of  fuse,  a  smaller  percentage  of  charred  tubing  occiu-s,  and  in 
the  fuses  nm  at  full  load  by  the  Bureau  of  Standards  that  percentage  was  abnormally 
small.  The  percentage  of  charring  obtained  in  fuses  tested  by  Jlr.  Downes  was,  on 
the  contrary,  abnormally  high.  As  the  Bureau  found,  differences  in  fiber  caused 
part  of  the  trouble,  but,  also,  we  may  assume,  without  implying  any  impropriety  by 
the  Economy  company,  that  the  fuses  supplied  to  the  Bureau  of  Standards  were 
assembled  with  great  care  by  an  expert,  thus  insuring  the  correct  placing  of  the  links 
and  a  perfect  contact,  while  the  fuses  which  are  actually  on  the  market  are  liable  to 
improper  setting  up,  even  in  the  Economy  factory,  and  will,  in  many  cases,  char 
from  a  bad  contact. 

I  propose  to  send  to  the  Bureau  60  fuses  run  at  full  load,  which  show  a  very  high 
percentage  of  charring  and  serious  deterioration  of  the  fiber,  in  a  run  of  less  than  100 
hours  at  the  rated  load.  I  shall  also  send  a  number  of  fuses  taken  from  use  which 
show  such  charring.  The  tests  show  that  such  weakened  fuses  have  little  or  no  relia- 
bility' on  short  circuit,  while  standard  fuses,  run  at  the  rated  load  for  the  same  period, 
would  operate  without  difficulty. 

5.  Economy  Fuse  Used  Until  it  Burns  Up. — In  this  connection  we  must  remember 
that  the  Economy  fuse  is  made  to  be  used  imtil  it  is  worn  out,  and  this  is  what  happens 
to  it  in  practice.  In  going  into  factories  we  have  found,  in  most  cases,  that  the  major- 
ity of  fuses  in  use  were  of  the  old  types  made  by  the  Economy  company,  which  will 
usually  char  the  fiber  as  soon  as  run  for  a  substantial  period  at  the  full  load.  If  run, 
as  frequently  happens,  at  less  than  normal  load,  they  may  last  for  many  years,  unless 
there  is  a  poor  contact,  but  all  such  fuses  are  steadily  deteriorating  and  will  be  used 
until  they  bum  up. 

All  the  foregoing  dangers  from  the  use  of  Eieonomy  fuses  were  clearly  proved  to 
exist  by  the  tests  at  Boston  and  Chicago. 

This  danger  is  not  exceptional.  Every  Economy  fuse  is  out  to  be  used  until  it 
bums  up.  At  a  tissue-paper  plant  at  South  Framingham,  Mass.,  the  Economy  com- 
pany replaces  the  fuse  cases  which  have  burned,  but  leaves  in  the  others  of  the  same 
t>-pe,  and  regularly  a  number  of  those  smolder  off.  These  have  not  yet  caused  a  fire, 
but  their  use  in  a  tissue-paper  plant  can  scarcely  be  argued  as  a  trivial  hazard.  Such 
is  the  natural  result  of  using  a  fuse  advertised  to  last  forever  and  so  designed  as  to 
char  in  at  least  25  per  cent  of  cases  when  run  at  its  full  load. 

6.  Evidence  of  Actual  Fires  Caused  Not  Within  Our  Reach. — As  to  the  actual  fires 
from  the  fuses,  my  clients  are  in  no  position  to  obtain  information.  They  can  only 
give  a  few  samples  obtained  from  a  few  factories  operated  by  friends,  who  were  willing 
to  allow  their  fuses  to  be  examined.  All  four  of  my  clients  have  found  cases  of  the 
destruction  of  Economy  fuses  by  charring  and  of  the  misuse  of  Economy  fuses  by 
improper  refilling,  and  I  am  about  to  send  along  a  few  samples  of  such  improper  use. 
I  am  aware  that  the  time  given  by  the  Bureau  for  this  purpose  has  expired,  but  Dr. 
Rosa  stated  at  tlae  hearing  in  July  that  no  technical  rules  would  be  observed,  and  I 
am  sending  the  fuses  in  question  as  promptly  as  possible,  although  they  are  only 
illustrative  of  dangers  which  are  obvious. 
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The  question  before  the  Bureau  is  whether  the  Economy  company  has  made  good 
its  case,  that  its  fuses  are  not  a  greater  fire  hazard  th;in  the  approved  fuses,  and  practi- 
cally, the  question  is  whether  the  Underv\Titers  have  properly  exercised  their  right 
to  refuse  at  present  to  approve  the  Economy  fuse.  We  submit  that  the  Economy 
fuse  has  completely  failed  to  meet  the  Underwriters*  objections,  which  may  be  formu- 
lated substantially  as  follows: 

1.  The  Economy  fuse  can  not  be  made  so  as  to  meet  the  long-established  short-cir- 
cuit tests  which  properly  designed  and  made  fuses  readily  meet.  Occasional  failures 
by  approved  fuse  makers  are  accidents,  and  those  fuses  are  always  made  to  meet  the 
requirements  when  any  defect  is  found.  The  Underwriters  are  not  boimd  to  approve 
a  fuse  which  can  not  be  made  to  meet  their  requirements  simply  because  certain 
approved  luses  temporarily  fall  below  those  requirements. 

2.  Taken  as  a  class,  a  verj'  large  percentage  of  the  Economy  fuses  can  not  be  run  at 
their  rated  load,  even  for  a  trivial  number  of  days,  without  being  so  weakened  as 
either  to  fall  to  pieces,  or  fail  on  a  very  mild  short  circuit.  This  statement  does  not 
refer  to  fuses  which  fail  on  rating  tests.  The  fuses  which  char  from  bad  contact  or 
misplaced  links,  etc.,  will  frequently  rate  properly.  It  is  a  fundamental  danger  of 
the  Economy  fuse,  owing  to  the  nature  of  the  contact  made  for  the  purpose  of  making 
it  readily  refillable. 

3.  The  fact  that  the  Economy  fuse  is  designed  to  be  refilled  by  the  user  is  a  grave 
danger. 

(a)  The  user  can  not  be  relied  upon  to  insert  the  link  accurately,  and  bad  contacts, 
charring,  and  other  troubles  are  likely  in  consequence. 

(b)  Overfusing  is  encouraged,  as  two  links  may  readily  be  put  in  for  one  by  the 
most  unskillful  operator  and  are  so  put  in. 

(c)  The  user,  desiring  to  save,  and  not  being  the  one  who  has  to  pay  the  fire  loss, 
will  use  the  charred  and  weakened  cases,  which,  in  a  short  time  will  be  the  most 
marked  feature  of  the  Economy  fuse  in  actual  use,  as  none  will  be  thrown  awav  until 
they  have  reached  that  condition. 

It  has  been  suggested  tliat  the  Underwriters'  tests  are  absurdly  severe.  The 
answer  is:  They  have  been  long  in  use,  they  are  readily  met  by  properly  designed 
fuses,  which  can  be  put  on  the  market  for  less  than  one-third  of  the  cost  of  the  Economy 
fus^s,  and  the  public  should  not  be  encouraged  to  use  a  fuse  ^vhich  can  not  meet  those 
requirements,  when  a  fuse  which  can  is  on  the  market,  selling  for  one-third  its  cost. 

Moreover,  the  UnderwTiters  have  not  asked  the  Bureau  whether  the  tests  are  too 
severe.  It  is  sufficient  that  a  short  circuit  as  bad  is  possible  in  use,  and  that  under 
such  circumstances  the  approved  type  of  fuse  can  readily  be  made  to  meet  the  tests 
and  can  confidently  be  expected  to  do  so,  while  the  Economy  fuse  stands  at  least  a 
7,7,1.'^  per  cent  chance  of  going  wrong  when  new  and  may  be  confidently  expected  to 
do  so  if  it  has  been  in  use  any  length  of  time. 

It  is  also  suggested  that  as  two  fuses  are  usually  used  in  series,  the  Underwriters' 
practice  of  testing  the  fuse  singly  is  wrong.     To  this  there  are  two  obvious  answers. 

First.  To  determine  the  quality  of  a  fuse,  it  must  be  tested  alone. 

Second.  Fuses  are  not  by  any  means  always  used  in  series.  In  many  circuits  olie 
fuse  has  to  bear  all  the  burden,  and  the  idea  that  the  resistance  of  a  grounded  circuit 
is  necessarily  high  is  erroneous. 

It  has  been  suggested  tliat  certain  plants  using  many  motors  rely  upon  their  fuses 
to  protect  their  apparatus  and  blow  out  each  fuse  on  an  average  once  a  day,  and  that 
it  is  a  great  bixrden  to  them  to  be  asked  to  buy  a  nonrefillable  fuse.  There  are  nu- 
merous answers  to  this  suggestion.     The  first  is — 

That  such  plants  are  not  legally  prevented  from  using  Economy  fuses  if  they  desire. 
The  Underwriters  merely  refuse  to  approve  such  risks. 

In  the  second  place,  it  is  a  gros.sly  erroneous  practice  to  blow  a  fuse  every  dav.  It 
makes  the  cost  of  fuses,  for  each  fuse,  S5  or  $6  a  year  or  more,  even  for  the  small  sizes. 
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and  ill  such  cases  a  circuit  breaker  should  be  installed,  which  will  operate  without 
danger  to  the  Underwriters.  A  circuit  breaker  can  be  bought  for  Sg,  which  will 
save  its  cost  in  two  years'  use  on  such  a  circuit  on  fuses  alone,  and  will  save  far  more 
than  its  cost  in  one  year  in  saving  of  time  of  operatives.  Undenvriters  should  not  be 
asked  to  approve  a  defective  type  of  fuse  simply  for  exceptional  cases  of  stupid 
management. 

In  the  third  place,  the  point  is  immaterial.  If  the  fire  or  accident  risk  from  a  poor 
tj-pe  of  fuse,  intended  to  be  used  until  it  bums,  is  greater,  the  arbitration  must  be 
decided  against  the  Economy  fuse,  regardless  of  convenience  to  the  user.  The 
question  of  convenience  is  not  before  the  Bureau. 

7.  Misuse  0/  Approved  Fuses. — The  Bureau  has  found  that  in  inany  cases  fuses 
listed  as  approved  have  been  refilled  by  the  user,  or  by  an  unauthorized  maker,  or 
otherwise  wrongfully  used.  Such  fuses  have  ceased  to  be  approved  fuses,  and  the 
Bureau  has  no  right  to  determine  this  arbitration  on  its  view  of  the  question  whether 
the  approved  fuse  is  more  likely  to  be  misused  than  the  Economy  fuse.  The  Economy 
fuse  can  be  misused  and  frequently  is  misused,  as  I  have  seen  in  many  cases.  The 
aggregate  number  of  approved  fuses  being  much  greater  than  Economy  fuses,  the 
aggregate  number  of  cases  of  misuse  of  approved  fuses  would  naturally  be  expected 
to  be  greater.  Furthermore,  the  Economy  fuses  have  not  been  approved,  and  the 
Unden\Titers  have  permitted  their  use  only  in  specially  selected  factories,  so  that 
the  percentage  of  misuse  ought  to  be  very  small.  In  point  of  fact,  however,  the 
misuse  of  an  Economy  fuse  is  by  no  means  unusual ,  as  I  know  from  personal  experi- 
ence. Nevertheless,  the  Underwriters  do  not  approve  misused  fuses.  Whether 
formerly  approved,  or  whether  of  the  Economy  type,  they  are  ordered  out  when 
seen.  They  have  a  right  to  approve  only  fuses  which  will  meet  their  tests  and  avoid  a 
fire  hazard  when  properly  used,  and  they  can  not  be  required  to  approve  a  danger- 
ous fuse,  simply  because  good  fuses  are  sometimes  the  victim  of  misuse  of  fuses,  any 
more  than  they  can  be  required  to  approve  inflammable  conditions,  because  some 
persons  set  fires  deliberately.  In  any  case,  the  Bureau  has  not  been  asked  to  deter- 
mine the  dangers  from  misuse,  but  only  the  comparative  danger  of  the  Economy 
fuse  and  the  approved  fuse. 

S.  Comparison  of  Economy  and  Approved  Fuses. — A  brief  comparison  of  Economy 
and  approved  fuses  in  parallel  colunms  is  shown  on  pages  197  to  199. 

9.  Idea  of  Fuse  Refillahlebythe  User  Fundamentally  Wrong. — It  cannot  be  too  strongly 
stated  tliat  the  whole  principle  of  putting  out  a  fuse  refillable  by  the  user  is  wTong. 
The  Under^vriters  have  for  10  years  worked  upon  the  principle  that  they  would  only 
approve  fuses  bearing  the  label  of  a  person  responsible  for  their  manufacture  or  re- 
filling. For  the  past  10  years  the  label  of  tlie  responsible  manufacturer  of  a  fuse  not 
showing  out  ward  signs  of  tampering,  has  been  a  symbol  to  the  Undersvriters  that  almost 
perfect  safety  from  fire  existed  with  regard  to  such  fuses. 

If,  now,  fuses  refillable  by  the  user  are  approved,  the  label  of  the  manufactiu'er  has 
no  meaning  whatsoever,  so  far  as  fire  risk  is  concerned.  The  inspector  may  think  tlie 
fuse  was  correct  when  it  left  the  maker's  factorj',  but  of  what  has  happened  to  it  since 
he  has  no  knowledge.  Every  elevator  boy  or  stock-room  boy  is  an  approved  manu- 
factiu-er  of  fuses,  and  it  is  inconceivable  to  the  manufactiuers  of  approved  fuses  that 
such  a  system  of  manufacture  of  fuses  can  be  said  to  have  been  proved  as  safe  as  the 
present  system.  It  is  useless  to  elaborate  this  matter  further.  It  is  a  matter  which 
speaks  for  itself,  and  all  the  evidence  of  misuse  of  approved  fuses  only  tends  to  accen- 
tuate tlie  injustice  of  forcing  the  Underwriters  to  approve  fuses  in  effect  manufac- 
tured by  tlie  people  who  so  misuse  fuses. 

Not  the  least  of  the  deplorable  results  following  from  the  approval  of  fuses  refillable 
by  the  user,  is  the  fact  that  it  removes  all  responsibility  for  fuses  from  any  one.  The 
tests  at  Chicago  and  Boston  show  that  a  properly  made  and  designed  fuse  is  absolutely 
perfect,  but,  also,  that  any  shop  carelessness  will  result  in  a  small  percentage  of  defects. 
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If  fuses  refillable  by  the  user  are  approved,  no  manufacturer  ^\iU  have  any  serious 
incentive  to  keep  up  his  product,  because  he  can  readily,  in  case  of  fire,  hide  behind 
the  excuse  that  the  fuse  was  probably  refilled  by  the  user. 

10.  Conclusions. — On  the  whole  case,  I  contend  that  the  Economy  Fuse  &  Manu- 
facttiring  Co.  has  completely  failed  to  show  that  the  use  of  the  fuses  manufactured  by 
it  results  in  no  greater  fire  or  accident  hazard  than  the  use  of  other  cartridge-inclosed 
fuses,  at  present  listed  as  standard  by  the  Underwriters'  Laboratories.  On  the  con- 
trary— 

First.  The  Economy  fuse  has  been  proved  to  be  a  greater  fire  and  accident  hazard 
on  short-circuit  tests  which  have  been  prescribed  by  the  Underwriters  and  met  by  the 
approved  fuses  for  many  years. 

Second.  The  Economy  fuse,  owing  to  its  construction,  inevitably  deteriorates  rap- 
idly in  strength  of  fiber  and  in  many  cases  smolders  near  the  end  cap  and  chars  or 
bums  up  so  as  to  constitute  a  serious  fire  hazard,  by  reason  of  bad  contact,  bad  placing 
of  link,  bad  threading,  and  many  other  causes  (not  all  of  which  are  known). 

Third.  The  Economy  fuse  tempts  to  overfusing  and  makes  such  overfusing  very 
convenient. 

All  the  foregoing  difficulties  are  due  to  the  endeavor  of  the  Economy  company  to 
make  its  fuses  readily  refillable  by  the  user.  A  fuse  refillable  by  the  user  is  inevitably 
dangerous,  as  a  user  can  not  be  trusted  to  do  refilling,  and  will  inevitably  use  the  fuse 
until  it  bums  up  or  is  otherwise  destroyed. 

The  extent  of  the  danger  as  to  any  one  fuse  is  undoubtedly  slight,  but  on  questions 
of  insiu'ance,  where  the  rate  is  frequently  much  less  than  i  per  cent  so  that  an  entire 
plant  must  operate  without  serious  fires  for  50  or  100  years,  in  order  to  save  the  Under- 
writers from  a  net  loss,  it  is  the  exceptional  case  which  is  to  be  considered. 

The  refilling  of  fuses  by  the  user  is  fundamentally  WTong.  It  is  absurd  to  say  that 
200,000  anonymous  approved  manufacturers  are  not  a  greater  fire  hazard  than  a  few 
thoroughly  competent  makers  putting  out  fuses  under  their  own  label,  for  which  they 
are  responsible. 

Fiuthermore,  the  extent  of  excess  of  danger  by  the  use  of  the  Economy  fuse  is  not 
material.  The  Biu-eau  must  decide  against  the  Economy  fuse,  imless  that  company 
has  proved  that  its  use  results  in  no  greater  fire  or  accident  hazard  than  the  approved 
fuses.  The  contrary  is  the  case,  and  accordingly,  the  arbitration  should  be  deter- 
mined against  the  Economy  fuse. 

Guy  Cunningh.\i!, 
{Attorney  for  D.  &  W.  Fuse  Co.,  Johns-Pratt  Co., 

Chase-Shawmut  Co.,  and  the  Bryant  Electric  Co.) 

11.  Subscript  to  Mr.  Cunningham's  Statement. — Wliy  fire  hazard  of  Economy  fuses 
is  greater  than  fire  hazard  of  standard  approved  fuses. 

ECONOMY  PUSES  APPROVED  FUSES 

1.  Can  not  meet  Underwriters'  long-  i.  Are  readily  made  to  meet  Under- 
established  requirements  as  to  short-cir-  writers'  requirements.  Failures  indicate 
cuit  tests.  Failure  is  due  to  fundamen-  only  lapses  from  perfection,  readily  eor- 
tally  faulty  design.  rected. 

2.  Opens  the  circuit  too  quickly,  caus-  2.  Opens  the  circuit  as  slowly  as  do- 
ing—  sired. 

(o)  Inductive  kick,  raising  voltage  to  (a)  Inductive   kick   kept   within   safe 

degree  dangerous  to  apparatus.  bounds. 

(6)  Blowing  too  quickly  on  momentary  (A)  Blowing  may  be  as  sluggish  as  de- 
overload,  sired. 

Defect  fundamental.     The   too   quick  Standard  fuses  may  be  made  to  operate 

action  is  necessary  to  prevent  nonfilled  as  desired  in  the  above  matter,  as  filler 

Economy  fuses  exploding.  gives  large  margin  of  safety. 
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3.  Lack  of  filling  and  other  features 
result  in  dangerous  oscillations  before 
circuit  is  finally  opened. 

4.  Cutting  thread  in  fiber  fundamental 
error. 

(o)  Fiber  is  made  in  layers,  adhesion  of 
which  is  destroyed  by  heat  or  dryness. 

5.  Contact  dependent  on  threaded 
joints  unreliable. 

6.  Deteriorates  rapidly. 

(a)  Fiber  chars  and  loses  strength,  par- 
ticularly at  threads,  in  large  proportion  of 
cases,  whenever  fuses  run  at  full  load. 

(b)  Screw  contacts  work  loose. 

(c)  Strength  of  fiber  vital 

7.  Refilling  by  user  encouraged,  lead- 
ing to  errors  causing  fire  hazards. 

(o)  User  likely  to  refill  with  poor  con- 
tact. 

I.  Failure  to  scrape  contacts. 

II.  Failure  to  screw  up  end  cap 
tight,  thread  being  frequently 
clogged  after  fuse  has  blown. 

(6)  User  likely  to  get  parts  in  knife- 
blade  type  WTong  side  before,  resulting 
in  wrong  alignment  of  blades  and  space 
for  escape  of  flame  between  washers. 

(c)  User  likely  to  insert  link  wrongly, 
so  that  it  will  char  fiber  case. 

(d)  Refilling  by  homemade  link  likely — 

I.  Causing  unintentional   overfus- 


3.  Practical  absence  of  dangerous  oscil- 
lations. 

4.  Fiber  not  threaded. 

(a)  Cap  is  bolted  through  fiber,  giving 
permanent  hold. 

5.  Contacts  soldered;  no  reliance  on 
threaded  contact. 

6.  Deteriorates  slowly. 

(a)  Charred  fiber  very  rare,  even  when 
fuses  run  at  full  load. 

(b)  Soldered  contacts  permanent. 

(c)  Filler  makes  strength  of  casing  less 
important. 

7.  No  refilling  of  ferrule  type.  No  re- 
filling by  user  of  any  type  authorized  or 
instructions  given. 

(a)  Maker  solders  contact.  There  is  no 
question  of  screwing  up  complete  contact. 


(b)  No  such  complication  in  approved 

fuses. 


(c)  No  such  danger  as  to  approved  fuses. 


II.  Causing  heat  when  link  used 
has  high  melting  point. 
8.  Overfusing  simple  and  probable. 
(a)  Economy  tempts  to  overfusing  by 
blowing     on     momentary     surge.     (See 
oscillograms.) 

(6)  Economy  company  supplies  two 
links  with  each  fuse,  making  overfusing 
simple. 

(c)  Use  of  two  links  not  discoverable 
except  by  taking  fuse  apart. 

(d)  Filling  with  copper  wire  or  strip 
of  iron  can  be  done  in  a  moment  without 
leaving  machine. 

(e)  Bridging  fuse  terminals  with  wire 
possible.  This,  however,  ir  not  easier 
than  bridging  cut-out  terminals. 

(j )  User  tempted  to  overfuse  to  pre- 
vent frequent  refilling. 


8.  Overfusing  difficult  and  less  likely. 
(a)  Standard  fuses  more  sluggish.     Do 
not  blow  on  so  short  surge. 

(6)  No  extra  links  supplied. 


(c)  Tampering  with  fuse  more  apparent. 

{d)  Refilling  a  slow  job,  requiring 
special  tools. 

(c)  Bridging  terminals  with  wire  possi- 
ble. This,  however,  is  not  easier  than 
bridging  tut-out  terminals. 

(J)  Maker  will  not  overfuse. 
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(0)  User  tempted  to  overfuse  by  home-  (g)  Maker  uses  correct  link.  Refill- 
made  link,  when  correct  link  mislaid,  or  ing  by  user  by  homemade  link  usually 
out  of  stock,  or  considered  expensive.  obvious. 

(h)  Refilling  of  charred  or  weakened  (h)  Makers'  experts  always  warned  to 

casing     likely.     Charred     or     weakened  discard  weakened  fiber.     Weakened  fiber 

cases  probable.  not  usual  in  filled  fuses. 

IX.  SUMMARY 

The  evidence  presented  in  detail  in  the  foregoing  report  has 
been  carefully  studied  and  weighed  by  the  representatives  of  the 
Bureau  of  Standards,  and  has  led  to  the  conclusion  that  further 
experience  with  the  Economy  fuse  under  service  conditions  is 
desirable  before  it  should  be  approved  by  Underwriters'  Labora- 
tories for  unrestricted  use.  A  detailed  summary  of  all  of  the 
evidence  presented  above  has  been  set  forth  in  Section  I  of  this 
report,  and  the  finding  of  the  Bureau  of  Standards  in  the  case  is 
given  at  the  end  of  that  summary. 

Washington,  Febraary  14,  1916. 
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OSCILLOGRAPH  RECORDS  OF  TYPICAL  FUSE  TESTS, 

SHOWING  RELATIONS  OF  CURRENT, 

VOLTAGE,  AND  TIME 
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I.  INTRODUCTION 

A.  DEFINITION  OF  TRACK  LEAKAGE 

The  stray  currents  which  create  the  hazard  from  electrolytic 
corrosion  and  kindred  dangers  in  our  cities  usually  escape  from 
the  street  railway  tracks  and  return  to  the  same  circuit  after 
having  in  many  cases  done  more  or  less  damage  to  the  structiu^es 
in  their  path.  The  amount  of  damage  evidently  depends  not 
only  on  the  amount  of  leakage  from  the  tracks,  but  the  per  cent 
of  this  leakage  that  gets  to  the  structures,  the  value  of  the  latter, 
and  their  susceptibility  to  corrosion. 
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B.  PRINCIPLES  INVOLVED 

There  are  two  principal  factors  which  govern  the  magnitude  of 
the  leakage  current  from  any  section  of  track.  The  first  is  the 
potential  impressed  on  the  leakage  path.  This  potential  depends 
on  the  magnitude  of  the  retvirn  current  flowing  in  the  rails  and 
earth  and  the  resistance  of  this  divided  circuit.  This  resistance, 
in  tiuTi,  depends  on  the  conductance  of  the  rails  and  connections 
and  the  condition  of  the  bonding  and  cross-bonding  and  the  resist- 
ance of  the  roadbed.  The  second  factor  is  the  resistance  of  the 
leakage  path.  This  resistance  is  influenced  by  the  area  of  con- 
ductors in  contact  with  the  groimd,  the  resistance  of  this  contact, 
the  conductance  of  the  ties,  and  the  length  and  conductivity  of 
the  earth  path.  Thus  it  is  evident  that  tlie  roadbed  resistance  is 
involved  as  a  first  and  second  order  effect,  influencing  the  potential 
impressed,  as  well  as  offering  resistance  to  ciurent  flow  from  the 
track.  This  is  made  clear  in  equations  shown  under  the  individual 
tests.  McCollum  and  Logan '  have  discussed  in  considerable 
detail  the  theor}'  of  track  leakage  and  sho-mi  the  effects  on  the 
magnitude  of  the  leakage  currents,  of  the  length  of  feed,  the  track 
resistance,  and  the  leakage  conductance.  It  is  the  purpose  of  the 
following  report  to  show  in  several  actual  cases  the  amounts  of 
current  that  leak  away  from  the  track  with  load  concentrated  at 
tlie  end  of  tlie  line  from  which  can  be  derived  the  constants  of 
the  track  and  roadbed.  These  constants  can  then  be  used  in  the 
equations  given  by  McCollum  and  Logan  for  further  analyzing 
electrolvsis  conditions.  The  data  here  given  were  obtained  in 
connection  with  the  Bureau's  general  investigations. 

IL  DISCUSSION 

A.  GENERAL  METHOD 

In  order  to  determine  the  amount  of  leakage  which  actually 
occurs  from  trolley-line  tracks,  several  Unes  of  simple  geometrical 
fonn  were  selected  ha\'ing  no  complication  of  track  networks 
throughout  the  greater  part  of  their  length  and  ha^'ing  different 
physical  characteristics  as  far  as  roadbed  and  soil  conditions 
were  concerned.  It  was  arranged  to  impress  a  constant  current 
on  these  lines  dining  the  night  when  the  regular  car  sers'ice  was 
off.  The  ciurent  was  then  measured  at  regular  intervals  along 
the  tracks,  the  difference  between  this  ciurent  flowing  in  the  rails 

*  McCollum  and  Logan,  Technologic  Paper  No.  63,  Earth  Resistance  and  its  Relation  to  Electroli*sis. 
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and  the  impressed  current  being  the  leakage  current.  Since  the 
current  flow  was  calculated  from  the  potential  drop  on  a  solid 
length  of  rail  and  the  resistance  of  this  length,  which  resistance 
may  vary,  due  to  difference  in  composition,  heat  treatment,  or 
rolling  of  rails  in  manufacture  or  wear  after  being  laid,  the  acciu-acy 
can  not  be  greater  than  that  of  the  potential  measurement  and 
consistency  of  rail  resistance.  Since  only  a  short  length  of  rail 
(id  feet  or  4  feet)  was  used,  a  low  reading,  low-resistance  milli- 
voltmeter  was  necessary  and  the  accuracy  of  the  readings  was 
affected  somewhat  by  the  resistance  of  the  contacts  on  the  rail, 
readings  being  taken  so  rapidly  that  no  great  amoimt  of  time 
was  spent  in  perfecting  each  contact.  Two  rail  spanners  having 
saw-blade  contact  points  4  feet  apart  were  employed.  These 
aided  in  expediting  the  tests,  but  even  these  contacts  showed 
considerable  variation  in  resistance  and,  in  general,  the  results 
given  below  may  have  individual  errors  as  great  as  10  per  cent, 
but  the  general  tendency  is  shown  and  the  average  results  are 
much  better. 

B.  PRESENTATION  OF  DATA 

I.  The  Chevy  Chase  IvIne,  Washington,  D.  C. — (a)  General 
Condition  of  Line  and  Test. — Although  most  of  the  trolley  lines  in 
the  District  of  Columbia  are  not  groimded,  there  are  several  out- 
lying or  interurban  sections  which  use  the  track  as  return.  Among 
these  is  the  Chevy  Chase  line,  running  through  the  extreme  north- 
west portion  of  the  District  of  Columbia  from  Calvert  Street 
Bridge  to  the  District  line  at  Chevy  Chase,  a  distance  of  3X  miles, 
and  from  there  to  Chevy  Chase  Lake,  about  2  miles  farther. 
The  coiuitry  is  rather  rolling  and  the  elevation  is  between  200 
and  300  feet  above  sea  level.  The  soil  is  generall}'^  well-drained 
and  there  is  considerable  rock  near  the  surface.  Eighty-pound, 
T-rail,  double-track  construction  is  used  throughout  except  on  the 
first  one-half  mile  where  83-pound  girder  rails  are  employed.  The 
roadbed  is  of  varied  character,  the  first  one-half  mile  with  girder 
rails  being  concrete  with  asphalt  street  sm^'ace  (Fig.  i).  The 
next  3.5  miles  is  rock  ballast  with  ties  and  rails  embedded,  tTie 
surface  being  finished  with  "Tarvia"  (Fig.  2).  From  the  end  of 
this  section  to  the  lake,  1.5  miles,  the  rails  are  raised  above  the 
ballast,  as  shown  in  Fig.  3.  At  the  extreme  end,  where  a  network 
of  car-bam  tracks  is  embedded  in  soil,  the  power  house  is  located, 
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and  the  negative  bus  is  connected  to  these  tracks  as  well  as  the 
main-line  tracks,  and  to  a  small  grovmd  plate  in  the  lake. 

The  test  was  made  on  this  line  on  April  30,  191 1,  from  2  a.  m. 
to  5  a.  m.,  when  the  regular  car  service  was  suspended.  The 
ground  was  rather  Ary,  no  rain  having  fallen  for  some  time. 


mmmiMmm 
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asphalt 
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broken  rock 
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Fig.   I. — Roadbed  construction  of  first  portion  of  Chevy  Chase  line 


Fig.  2. — Roadbed  construction  of  second  portion  of  Chevy  Cliase  line 


Fig.  3. — Roadbed  construction  of  third  portion  of  Chevy  Chase  line 

After  the  cars  stopped  running  the  power  was  cut  off  and  the 
trolley  comiected  to  tlie  rails  by  a  No.  0000  bond  at  Rock  Creek 
Bridge.  The  generator  voltage  was  then  reduced  and  a  cm-rent 
of  300  amperes  was  supphed  to  the  track.  This  current  was 
maintained  throughout  the  test.  A  record  of  the  generator 
current  and  voltage  is  given  in  Table  i . 
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TABLE  1 

Power-House  Load 

[Apt.  30, 1911,  Chevy  Chase  line] 

7 

Time 

Generator 
voltage 

Generator 
current 

Time 

Generator 
voltage 

Generator 
current 

2.10  a.  m 

110 
110 
110 
105 
103 
100 
103 
103 
103 
103 
103 

Amperes 
300 
300 
300 
290 
300 
290 
300 
300 
300 
300 
300 

103 
104 
103 
103 
103 
103 
105 
103 
103 
103 

Amperes 
300 

2.20a.m 

4.10  a.  m 

300 

2.30  a.  m 

300 

2.40  a.  m 

4.30  a.  m 

4.40  a.  m 

300 

2.50  a.  m 

300 

3.00  a.  m 

300 

3.10  a.  m  . 

5.00  a.  m 

310 

3.20  a.  m 

5.10  a.  m 

5.20  a.m.          

300 

3.30  a. m 

300 

3.40  a.  m  .               

5.30  a.  m 

300 

3.50  a.  m 

(6)  Current-Leakage  Data. — The  current  in  the  rails  was  deter- 
mined by  measuring  the  drop  on  a  4-foot  length  on  each  of  the 
four  rails  at  regular  intervals.  These  data  are  shown  in  Table  2 
and  Fig.  4.  In  the  table  the  first  column  gives  the  time  and  the 
second  the  distance  from  the  power  house.  The  next  four  col- 
umns contain  the  millivolt  drop  on  each  of  the  four  rails,  counting 
the  north  or  east  one  as  number  one;  the  sixth  column  totals 
these  four  columns,  the  values  having  been  corrected  for  lead 
resistance,  etc.  The  last  column  shows  the  total  current  in  the 
four  rails,  based  on  a  specific  rail  resistance  of  0.000295  ohm  per 
pound-foot  and  a  weight  of  80  pounds  per  yard. 

The  current  is  quite  evenly  distributed  among  the  rails,  thereby 
indicating  reasonably  good  bonding  and  cross-bonding  on  this 
line.  The  first  set  of  readings  was  taken  beyond  the  point  where 
the  trolley  was  connected  to  the  rails  and  indicates  that  50.5 
amperes  were  flowing  into  the  city  network  of  tracks  and  thence 
through  the  earth  back  to  grounded  connections  of  the  negative 
bus. 
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TABLE  2 

Current  Leakage 

[Apr.  30,  1911,  Cbevy  Chase  line] 


Time 


Distance 
from 
power 
bouse 


Millivolt  drop  on  4  feet  ol  rails 


2d  tail 


Cor- 
rected 
total 


Current 


2.40  a.m. 

2.50  a.  m. 
3.00  a.  m . 
3.04  a.  m. 
3.08  a.m. 

3.14  a.m. 
3.16  a.m. 
3.20  a.m. 
3.24  a.  m. 
3.28  a.m. 
3.32  a.  m . 
3.35  a.m. 
3.40  a.  m. 
3.43  a.m. 

3.45  a.m. 
3.48  a.  m. 

3.51  a.m. 
3.55  a.  m. 
4.04  a.  m. 
4.13  a.m. 

4.15  a.  m, 
4.18  a.m. 
4.20  a.m. 
4.22  a.m. 

4.26  a.m. 

4.27  a.  m. 
4.31  a. m 
4.34  a.  m 
4.38  a.  m 
4.41a.  m 
4.43  a.  m 

4.46  a. m 
4.43  a.  m 
4.50  a. m 
4.53  a. m 
5.02  a. m 
5.12  a. m 
5.27  a.  m 


Feet 
28  600 
28  400 
27  900 
27  400 

,  26  900 
26  400 
25  900 
25  400 
24  900 
24  400 
23  900 
23  400 
22  900 
22  400 
21900 
21400 
20  900 
20  400 
20100 
19  600 
19100 

iseco 

18100 
17  600 
17100 
16  600 
16100 
15  600 
15100 
14  600 
14100 
13  600 
13100 
12  600 
12100 
8  500 
5  90O 
2600 


0.0 
4.0 
6.6 
6.0 
8.0 
8.0 
6.0 
6.0 
6.0 
7.0 
7.0 
6.5 
6.0 
6.0 
7.0 
7.0 
7.0 
8.5 
6.0 
6.5 
7.5 
6.S 
6.5 
7.5 
7.0 
6.0 
6.5 
5.5 
7.0 
7.0 
6.0 
6.0 
5.8 
6.0 
7.5 
7.0 
7.0 
8.0 


0.8 
9.2 
6.8 
6.4 
5.0 
8.0 
5.0 
5.0 
6.0 
7.0 
6.0 
5.5 
8.0 
6.0 
6.5 
6.5 
5.0 
5.5 
6.5 
6.0 
6.0 
6.0 
7.0 
7.0 
6.0 
6.5 
7.0 
7.0 
6.5 
6.0 
7.0 
5.5 
5.5 
6.0 
6.5 
5.5 
6.0 
7.0 


2.3 

7.4 

6.2 

5.5 

7.0 

7.0 

5.0 

4.0 

4.0 

7.5 

6.0 

7.0 

6.5 

6.0 

7.0 

6.0 

7.5 

7.0 

7.0 

7.0 

6.0 

6.5 

6.5 

7.5 

7.5 

6.5 

7.0 

6.0 

6.0 

7.0 

7.0 

5.0 

6.5 

7.0 

7.5  ^ 

6.0  I 

7.5  j 

7.5 


2.4 
6.5 
5.8 
6.3 
5.0 
6.0 
6.0 
5.0 
5.0 
6.0 
7.0 
6.0 
6.0 
7.0 
6.5 
7.0 
6.5 
7.5 
5.0 
7.5 
6.5 
6.0 
6.0 
6.5 
7.0 
7.0 
7.0 
6.0 
7.0 
6.0 
5.0 
7.0 
6.5 
7.5 
7.0 
7.0 
6.5 
7.0 


6.1 
30.1 
23.2 
26.8 
27.8 
32.2 
24.4 
22.2 
23.3 
30.5 
28.9 
27.8 
29.4 
27.8 
30.0 
29.4 
28.9 
31.6 
27.2 
30.0 
28.9 
27.8 
28.9 
31.6 
30.5 
28.9 
30.5 
27.2 
29.4 
28.9 
27.8 
26.1 
27.0 
29.4 
31.6 
28.3 
30.0 
32.2 


Amperes 
50.5 
249.0 
233.0 
222.0 
230.0 
266.0 
202.0 
189.0 
193.0 
252.0 
239.0 
230.0 
243.0 
230.0 
24«.0 
243.0 
239.0 
261.0 
225.0 
248.0 
239.0 
230.0 
239.0 
261.0 
252.0 
239.0 
252.0 
225.0 
243.0 
239.0 
230.0 
216.0 
223.0 
243.0 
262.0 
234.0 
248.0 
266.0 
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It  is  very  evident  from  the  curve  in  Fig.  4  that  the  current  val- 
ues are  quite  irregular,  not  decreasing  smoothly  toward  the  center 
as  tliey  theoretically  should  do  with  uniform  track  resistance. 
This  can  be  explained  at  some  locations  by  a  change  in  resistance 
of  the  return  circuit,  and  this  is  emphasized  by  the  potential 
gradient  curve  shown  in  Table  3,  also  plotted  in  Fig.  4.  A  small 
current  and  also  low  gradients  are  noted  in  the  neighborhood  of 
Kindle  Run  Bridge,  where  the  rails  are  in  contact  with  the  steel 
structure  which  is  carrying  part  of  the  current,  returning  some  of 
it  to  the  tracks  and  discharging  the  rest  to  the  earth.     The  last 
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Fig.  4. — Track  leakage,  Chevy  Chase  line 

reading  shows  a  difference  of  about  35  amperes  between  the  total 
current  and  the  current  on  the  rails  at  a  distance  of  2100  feet 
from  the  power  house.  Most  of  this  current  must  find  its  way  to 
the  bus  through  a  ground  in  the  lake,  the  switching  and  bam 
tracks,  and  the  Kensington  line  tracks  beyond  the  power  house. 
With  the  exception  of  the  place  where  the  bridge  structure  paral- 
lels the  track,  the  point  of  smallest  current  is  near  the  center  of 
the  line  (14  000  feet  from  the  power  house),  the  current  here 
being  216  amperes.  The  loss  of  current  to  connecting  tracks  at 
the  outer  end  of  the  line  is  50  amperes,  and  returning  to  con- 
necting tracks  on  the  other,  30  amperes. 
43181°— 16 2 
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TABLE  3 

Potential  Gradient  in  Rails,  500-foot  spans 

(Apr.  30, 19U,  Chevy  Chase  line] 


Time 

Volts  lor 
500  feet 

uistasce 

to  power 

house 

Feet 

3.04  a.  m 

3.07  a.  m  . 

35 

28  000 

3.15  a.  m  . 

35 

27  500 

3.20  a.  m 

.35 

27  000 

3.24  a.  m... 

.36 

26  500 

3.27  a.  m... 

.354 

26  000 

3.30  a.  m... 

.33 

25  500 

3.33  a.  m 

.30 

25  000 

3.36  a.  m 

.32 

24  500 

3.38  a.  m 

.334 

24  000 

.336 

23  500 

3.43  a.  m 

.338 

23  000 

3.46  a.  m 

.35 

22  SOD 

.32 

22  000  ' 

.34 

21500 

3.55  a.  n 

.353 

21000  ^ 

.336 

20  500 

.404 

20  000 

4  10  a.  m  . 

.34 
.33 

19  500 
19  000 

.334 

18  500 

.334 

.34 

18  000 
17  500 

.34 

17  000 

Time 


4. 23  a.  tn. 


4.42  a.  m. 


4.S4a.  m. 


Volts  lor 
500  ieet 


0.33 
.342 
.34 
.338 
.35 
.344 
.344 
.356 
.356 
.342 
.34 
.34 
.376 
.41 
.36 
.36 
.36 
.376 
.37 
.358 
.358 
.376 
.362 
.354 


Distance 

to  power 

house 


Feet 

16  500 

16  000 
15  500 
15  000 
14  500 
14  000 
13  500 
13  000 
12  500 
12  000 
11500 
11  000 
10  500 
10  000 
9  500 
9  000 
8  500 
8000 
7  500 
7  000 
6  500 
6000 
5  500 
5000 


(c)  Calculation  of  Track  and  Roadbed  Resistance. — The  over-all 
potential  drop  was  measured,  using  telephone  lines  for  leads,  and 
was  found  to  be  21  volts. 

The  following  equations  may  be  used  to  determine  the  track 
resistance  and  also  the  leakage  resistance  to  earth,  where: 
li,  =  current  at  sending  or  receiving  end 
Ek  =  potential  to  ground  at  sending  or  receiving  end 
2L  =  total  length  of  track 
r  =  track  resistance  per  unit  length 
g  =  track  leakage  conductance  per  unit  length 
/b  =  cmrent  at  center  of  track 
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The  equations  governing  the  relations  between  these  quantities 
with  fixed  load  delivered  to  the  outer  end  of  the  line  are  given  by 
Kennelly  ^  and  are : 


(i)  Ia  =  Ea  coth  6  where  To  =    jr,  and  6=L  ^rg 

ro  \g 

(2)  Ib=Ej, 

To  sinh  d 

Dividing  (i)  by  (2) 

*  '  Y  =coth  6  sinh  0  =  cosh  6  =cosh  L  -ylrgl 

Taking  as  a  particular  case  the  Chevy  Chase  line,  it  is  necessary 
to  consider  one  half  of  the  line  as  a  unit.  Considering  first  the 
power-house  end, 

/a  =  270  amperes 

/b  =  2 1 6  amperes 

L  =  14  300  feet 

£a  =  io.5  volts 
.•.  /A  =  i.25=cosh  6 

/b 

Referring  to  hyperbolic  tables, 

^  =  0.693  =L^ 
The  equation  involving  the  drop  in  potential  on  the  line  is, 


^A  =  /b    jr  sinh  0 
in  which  all  values  except     IT  are  known,  sinh  6  being  obtained 

^l9 


from  cosh  6  in  the  above  equations. 

Then  substituting  known  values,  we  have 


4 


^=0.0648 
9 

We  now  have  two  equations  and  two  unknown  quantities.     Solv- 
ing we  get: 

r  =  0.00314  ohm  per  1000  feet 

<7  =  0.748  ohm  per  1000  feet 

2  A.  E.  Kennelly.  The  Application  of  Hyperbolic  Functions  to  Electrical  Engineering  Problems. 
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Hence  the  resistance  of  looo  feet  of  roadbed  is  1/9=1.34  ohms. 
The  value  of  track  resistance,  0.00314  ohm  per  1000  feet,  is  about 
1 5  per  cent  greater  than  the  calculated  resistance  of  the  continuous 
rail.  This  can  be  accounted  for  by  an  average  rail-joint  resistance 
equivalent  to  10  feet  of  rail  on  the  basis  of  60-foot  rails,  which  is 
very  low,  especially  since  there  were  a  number  of  high-resistance 
joints.  We  will  find  that  a  much  greater  effect  due  to  bad  joints 
exists  on  the  other  lines  discussed  below. "  The  resistance  of  the 
roadbed,  1.34  ohms  for  1000  feet,  is  a  reasonable  value  as  checked 
by  other  measurements. 

Taking  the  other  half  of  the  Chevy  Chase  line, 

I A  =  250  amperes 

/b  =  2 1 6  amperes 
£"b  =  io.5  volts 

L  =  14  300  feet 

r  and  g  unknown 

-^  =  cosh  L,/ra  =  i.i55 
vb 

0.550 


^  ^    14..' 


14-3 
and 

E^  —  I-a-^rlg  ^^^^  ^  ^^  -\lrlg  =  0.0841 

Solving  for  r  and  g, 

r  =  0.00323  ohm  per  1000  feet. 

9  =  0.458  mho  per  1000  feet, 
or  the  resistance  of  1000  feet  of  roadbed  is  2.18  ohms.  Both  the 
rail  resistance  and  roadbed  resistance  are  higher  than  for  the  half 
nearer  the  power  house,  the  rail  resistance  being  3  per  cent  higher 
and  that  of  the  roadbed  63  per  cent.  The  averages  for  the  entire 
length  are  0.00318  ohm  per  1000  feet  and  1.76  ohms  for  each  1000 
feet  of  double  track.  These  average  values  are  probably  the 
better  since  two  assumptions  were  made  in  stating  the  conditions 
of  each  half  of  the  line;  that  is,  that  the  minimum  current  occurs 
exactly  at  the  center  of  the  line  and  that  the  potential  is  also 
exactly  di^•ided  between  the  two  halves.  Any  error  due  to  these 
approximations  is  practicall}-  eliminated  when  the  average  of  the 
two  is  taken. 

2.  The  Secoxd  Line — (a)  Geiieral  Condition  of  Line  and  Test. — 
The  second  trolley  line  runs  a  ver}'  straight  course  a  distance  of  1 1 
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miles.  The  track  is  single  with  48-pound  rails  and  has  two  or 
three  s\vitches  or  turnouts.  The  base  of  the  rails  is  only  occasion- 
ally in  contact  with  the  soil,  the  type  of  construction  being  shown 
in  Fig.  5. 

The  soil  is  chiefly  New  Jersey  gravel,  well  drained,  and  of  rather 
high  resistance.  The  elevation  of  the  line  above  sea  level  is  123 
feet  at  the  highest  point  and  1 3  feet  at  the  lowest,  with  an  average 
of  75  feet.  The  power  house  is  located  at  the  western  end,  and 
the  track  at  the  eastern  end  is  connected  to  a  ground  plate  in  the 
river  near  which  the  line  terminates.  Data  as  to  trolley  and 
feeders  were  obtained  so  that  the  potential  difference  of  the 
different  parts  of  the  circuit  could  be  calculated. 

The  trolley  wire  was  connected  to  the  track  after  the  cars 
stopped  and  the  current  adjusted  to  150  amperes  (Table  4),  about 


Fig.  5. — Roadbed  conslniction  of  second  line 

210  volts  being  required  to  maintain  this  current.  Current  read- 
ings were  taken  about  every  one-quarter  mile  by  observing  the 
potential  drop  in  both  rails  with  the  4-foot  rail  spanners  or  contact 

points. 

TABLE  4 


Power-Station  Readings 
[Nov.  7, 1915,  second  line] 


Time 

Generator;  Generator 
current       voltage 

Time 

Generator 
current 

Generator 
voltage 

Amperes 
150 
150 
150 
150 
145 
150 

215 
215 
215 
215 
205 
215 

2.30  a.m 

Amperes 

145 
150 
150 

•       150 

145 
150 

205 

1.15  a.  m 

2.45a. m 

•215 

1.30  a.  m 

215 

1.45  a.  m 

3.15  a.  m 

215 

3.30  a.  m 

210 

2.15  a.  m 

3.45  a.  m 

210 

14 
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(b)  Current-Leakage  Data. — The  time,  distance  from  power 
house,  and  potential  drops  on  the  rails  are  shown  in  Table  5,  the 
calculations  of  current  flow  being  given  in  the  last  column.  These 
current  values  are  plotted  in  Fig.  6.  It  will  be  noted  that  about 
12  amperes  are  flowing  into  the  ground  plate  at  the  extreme  end 
of  the  line  and  that  the  city  tracks  at  the  power-house  end  are 
taking  up  about  50  amperes.     The  leakage  cm-ve  is  considerably 
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Fig.  6. — Track  leakage,  second  line 

smoother  than  that  on  the  Chevy  Chase  line,  but  the  percentage  of 
loss  is  considerably  greater,  the  rails  at  1.5  miles  from  the  power 
house  are  carr\-ing  about  80  amperes  or  58  per  cent  of  the  total 
delivered  to  the  track,  and  the  remainder,  42  per  cent,  is  leaking 
into  the  earth.  As  pointed  out  above,  only  a  portion  of  the  cur- 
rent escapes  from  or  returns  to  the  straight  track,  58  amperes 
escaping  from  the  extreme  half  and  20  amperes  returning  to  the 
other  portion  before  it  connects  with  .the  city  networks. 
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Current  Leakage 

[Nov.  7, 1913,  second  line] 
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Distance 
east  of 
power 
house 


Millivolt  drop  on  4  feet  of  rail 


North  rail  South  rail      Total 


Weight 
of  rail 


Current 


1.07  a.  m 
1.12  a.  m 
3.30  a.  m 

1.22  a.  m 
1.27  a.  m 
1.37  a.  m 
1.42  a.  m 
1.4Sa.  m 

1.49  a.  m 
1.SQ  a.  m 
1.52  a.  m 

1.54  a.  m 

1.56  a.  m. 

1.57  a.m. 
1.59  a.  m 
2.02  a.  m 
2.04  a.  m 
2.06a.  m. 
2.09  a.  m, 
2.12  a.  m 

2.14  a.  m 

2.15  a.m. 
2.17  a.  m 
2.19  a.m. 
2.21a.m. 

2.23  a.  m 
2.25  a.  m. 
2.27  a.m. 
2.30  a.m. 
2.33  a.  m 
2.35  a.m. 
2.37  a.m. 
2.40  a.m. 
2.42  a.  m 
2.44  a.  m 
2.46  a.  m 
2.48  a.  m. 

2.50  a.  m 
2.52  a.  m 

2.55  a.  m 
2.57  a.m. 
3.00  a.m. 
3.02  a.  m. 
3.06  a.m. 


Feet 

56  160 
55  720 
53  530 
51400 
50  590 
49  400 
48  240 
47  000 
45  745 
44  500 
43  270 
41800 
40  550 
39  100 
37  900 
36  700 
35  560 
34  300 
33  030 
31800 
30  530 
29  300 
28  030 
26  800 
25  540 
24  300 
22  930 
21700 
20  020 
18S00 
17  330 
16  100 
14  230 
13  000 
12  220 
11000 
9  720 
8  500 
7  220 
6  000 
4  717 
2  582 
788 
11200 


0.2 

.6 
10.0 
6.3 

.0 
3.8 
5.8 
5.7 
3.6 
3.5 
3.4 
3.4 
3.6 
3.3 
3.5 
3.5 
3.0 
3.8 
4.0 
3.0 
3.6 
6.1 
3.0 
3.1 

.1 
3.3 
2.8 
3.6 
2.9 
4.0 
3.0 

.0 
3.1 
3.0 
3.1 
2.7 
2.8 
5.7 
5.7 
5.5 
3.2 
6.0 
2.6 

.1 


0.4 
7.3 

.0 
1.2 
6.9 
3.4 
1.2 
1.4 
3.0 
3.5 
3.2 
3.1 
3.0 
3.1 
3.1 
3.0 
2.8 
2.4 
2.5 
3.4 
2.4 

.0 
2.8 
3.1 
5.9 
2.6 
3.1 
2.2 
3.0 
1.8 
2.8 
5.8 
2.7 
3.0 
2.7 
3.0 
2.6 

.0 

.0 

.0 
2.8 

.0 
2.6 

.0 


0.6 
7.9 
10.0 
7.5 
6.9 
7.2 
7.0 
7.1 
6.6 
7.0 
6.6 
6.5 
6.6 
6.4 
6.6 
6.5 
5.8 
6.2 
6.5 
6.4 
6.0 
6.1 
5.8 
6.2 
6.0 
5.9 
5.9 
5.8 
5.9 
5.8 
5.8 
5.8 
5.8 
6.0 
5.8 
5.7 
5.4 
5.7 
5.7 
5.5 
6.0 
6.0 
5.2 
.1 


Lbs./yd. 
65 
65 
48 
48 
43 


48 


48 


Amperes 

b  11.5 
150.0 
149.0 
105.0 
97.0 
101.0 
98.0 
99.0 
92.0 
98.0 
92.0 
91.0 
92.0 
90.0 
92.0 
91.0 
81.0 
87.0 
91.0 
90.0 
84.0 
85.0 
81.0 
87.0 
84.0 
83.0 
87.0 
81.0 
83.0 
81.0 
81.0 
81.0 
81.0 
84.0 
81.0 
80.0 
76.0 
80.0 
80.0 
77.0 
84.0 
84.0 
91.0 
1.7 


a  Beyond  power  house. 


b  Flowing  to  ground  plate  at  end  ol  line. 
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(c)  Calculation  of  Track  and  Roadbed  Resistance. — From  the  cur- 
rent and  feeder  data  it  is  calculated  that  a  pressure  of  66.7  volts 
was  impressed  on  the  track  during  this  test.  Referring  to  the 
table  and  curve  it  is  seen  that  for  the  half  of  the  track  nearest  the 
power  house 

■E^A  =  33.4  volts 

/a=  100  amperes 

/b  =  80  amperes 

L  =  28  000  feet. 

Referring  to  the  preceding  equations  Nos.  i   and  2  and  substi- 
tuting numerical  values, 

COSh0=-;; =  1.2^ 

80  ^ 

.•.e=L^Jrg  =  0.693  (3) 

EA.  =  lB-\-smh  6. 
Substituting  known  values, 

^  =  0.556  (4) 


V^ 


solving  for  r  and  g  in  (3)  and  (4) 

9  =  0.0445  mho  per  1000  feet 
or  the  resistance  of  1000  feet  of  roadbed  is  22.5  ohms, 
r  =0.01378  ohm  per  1000  feet. 
For  the  outer  half  of  the  line 


£^A  =  33-4  volts 
/a  =  143  amperes 
/b  =  80  amperes 
L  =  28  000  feet 

as  above  cosh  6  = 
and 

/a 
/b~ 

e=i.i85=L  ^/rg 

£A  =  /B-t/— sinh  6 
\  g 

V  0  =°-^^^7 

(5) 


(6) 
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solving  for  r  and  g  in  (5)  and  (6) 

gr  =  o.i503  mho  per  1000  feet 
or  resistance  to  groimd  =  6.65  ohms  for  1000  feet  and 

r  =  0.01 182  ohm  per  1000  feet. 
The  averages  for  the  ^\'hole  line  are  then : 

Resistance  to  gromid  ilg  =  14.57  ohms  per  each  1000  feet  of  single 
track 

r  =0.0128  ohm  per  1000  feet. 

The  apparent  difference  in  the  roadbed  resistance  between  the 
two  halves  of  the  lines  is  probably  much  greater  than  actually 
exists,  but  the  average  value  is  reasonable  when  the  type  of  road- 
bed is  considered,  the  dry,  sandy  soil  being  in  contact  only  with 
the  ties.  The  resistance  of  the  rails  is  increased  about  40  per 
cent,  or  each  joint  has  an  average  resistance  of  12  feet  of  solid 
rail  on  a  basis  of  30-foot  rails. 

3.  The  Third  Line — (a)  General  Condition  of  Line  and  Test. — 
This  trolley  line  is  a  single  track  with  60-pound  rails,  having  a 
length  of  about  6.5  miles.  The  track  has  a  short  spin:  or  Y  about 
I  mile  from  the  extreme  end,  but  it  has  no  compUcated  network  of 
tracks  at  either  end,  and  the  total  current  is  easily  measured.  The 
roadbed  is  clay  and  New  Jersey  gravel,  at  many  points  in  contact 
with  or  covering  the  base  of  the  rail.  Theelevation,  compared  to  sea 
level,  is  the  most  striking  feature  of  this  line,  the  liighest  point  being 
15  feet  above,  the  lowest  2  feet  below,  and  the  average  10  feet 
above.  Salt  marshes  lie  close  to  the  track  for  the  greater  part  of 
the  distance,  and  the  conductivity  of  this  soil  must  be  ver>'  high. 
There  is  probably  a  groimd  plate  attached  to  the  outer  end  of  the 
track,  but  this  is  too  small  to  materially  affect  the  general  leakage 
conditions. 

The  rotary  converter  in  the  substation  carried  the  load  for  this 
test,  the  machine  voltage  being  reduced  to  275  volts  and  the 
current  being  maintained  at  205  amperes  tliroughout  the  night,  as 
shown  by  Table  6.  The  readings  were  taken  every  one-quarter 
mile  on  both  rails,  using  the  4-foot  spanners  mentioned  in  the 
preceding  test. 
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TABLE  6 

Substation  Load 

INov.  8, 1913,  third  line] 


Time 

Amperes 

1 
Volts     ' 

Time 

Amperes 

Votts 

1.30  a.  m 

210 
205 
205 
205 
205 

275 
275 
275 

275- 
275  ' 

2.45  a  m 

205 
205 
205 
205 

275 
275 
275 
275 

1.45  a.  m 

3.00  a.  m 

2.15  a.  m 

3.30  a.  m 

2.30  a.  m ■     . 

(b)   Current-Leakage  Data. — In  Table  7  are  shown  the  results 
of  this  test  arranged  as  in  the  previous  tables,  showing  time,  dis- 
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Fig.  7. — Track  leakage,  third  line 

tance  from  substation,  millivolt  drop  on  rails,  and  the  calculated 
current.  It  will  be  noted  that  70  amperes  is  flowing  into  the 
earth  at  the  outer  end  and  that  85  amperes  is  finding  its  way  to 
the  track  beyond  the  substation.  The  distribution  of  current 
between  rails  is  ver}'  poor  at  times,  as  shown  by  zero  readings  on 
one  and  the  total  on  the  other,  indicating  bad  bonding  and  cross- 
bonding  on  these  sections.  The  curve  (Fig.  7)  shows  very  graphi- 
cally the  small  cturent  left  in  the  track  at  about  the  middle  point, 
the  lowest  current  recorded  being  12.2  amperes,  or  only  6  per  cent 
of  the  total  and  about  9  per  cent  of  that  actually  flowing  in  this 
direction. 
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TABLE  7 

Current  Leakage 

[Nov.  8, 1913,  third  line] 


19 


Time 


Distance 
from 
sub- 
station 


Millivolt  drop  on  4  feet  of  rail 


East  rail  West  rail 


Total 


Weight 
oi  rail 


Current 


1.29  a.  > 
1.37  a.  1 
1.43  a.  1 

1.46  a.  1 
l.SOa.  I 

1.57  a. i 
2.00  a.  1 

2.04  a. 1 
2.09  a.  I 
2.12  a.  I 
2.14  a. I 
2.16  a.  I 

2.18  a.  I 
2.20  a.  t 
2.22  a.  I 
2.24  a.  I 
2.35  a.  I 
2.42  a.  I 

2.47  a.  I 
2.52  a.  I 

2.58  a.  I 

3.05  a.  I 
3.12  a.  I 
3.16  a.  I 

3.19  a.  I 
3.22  a.  i: 
3.24  a.  I 
3.26  a.  I 
3.28  a.  I 

3.30  a.  r 
3.34  a.  II 
3.40  a.  E 
3.42  a.  V 


Feet 

33  415 
33100 
32  300 
31  100 
29  900 
29  000 
29  000 
28  700 
27  500 
26  100 
24  900 
23  650 
22  400 
21200 
20  000 
18  800 
17  600 
16  400 
15  200 
14  100 
12  900 
11800 
10  800 
9  700 
8  500 
7  100 
5  800 
4  600 
3  200 
2  200 
1000 
150 
50 


4.0 

6.2 

1.8 

1.6 

1.6 

1.6 

.8 

1.4 

1.2 

.8 

.7 

1.1 

.0 

.7 

.5 

1.0 

.0 

.5 

1.0 

.9 

.7 

.9 

.6 

.0 

2.0 

2.2 

3.1 

2.3 

3.0 

4.2 

7.3 

3.4 

3.5 


0.0 

1.6 

2.0 

1.8 

1.8 

1.6 

.6 

1.3 

1.2 

1.0 

8.0 

1.2 

1.6 

.8 

.8 

.0 

1.0 

.8 

.0 

.0 

.0 

.0 

.4 

1.0 

2.0 

2.3 

3.2 

4.6 

3.2 

2.5 

.0 

4.0 

2.6 


4.0 
7.8 
3.8 
3.4 
3.4 
3.2 
.2 
2.7 
2.4 
1.8 
1.5 
2.3 
1.6 
1.5 
1.3 
1.0 
1.0 
1.3 
1.0 
.9 
.7 
.9 
1.0 
1.0 
4.0 
4.5 
6.3 
6.9 
6.2 
6.7 
7.3 
7.4 
6.1 


Lbs./yd. 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
48 


Ampeies. 

"70.0 

136.4 

66.5 

59.5 

59.5 

56.0 

3.5 

47.2 

42.0 

31.5 

26.2 

40.2 

28.0 

26.2 

22.7 

17.5 

17.5 

22.7 

17.5 

15.7 

12.2 

15.7 

17.5 

17.5 

70.0 

78.8 

110.2 

120.2 

108.5 

117.2 

127.7 

129.  S 

85.0 


o  Beyond  point  of  connection  0/  trolley  wire  to  track.    Current  flovfing  away  from  power  house  to  earth. 

(c)  Calculation  of  Track  and  Roadbed  Resistance. — From  the 
total  ctirrent  and  voltage  and  resistance  of  the  positive  feeders 
the  drop  on  the  track  can  be  calculated.  This  is  found  to  be  87.4 
volts. 

Using  the  same  symbols  as  before,  the  half  of  the  track  nearest 
the  power  house  has  these  values. 

£"a  =  43.7  volts 

/a  =  135  amperes 

/b  =  1 4  amperes 

L  =  1 6  600  feet 
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Substituting  these  values  in  the  equations  previously  used 

Cosh  9  =  ^^  =  9.64 

e  =  2.957  =lV^ 

Ex  =  /b-1  /  -  sinh  0 
Substituting  above  values, 


(7) 


/r 


(8) 


-=0.3254 

Solving  for  r  and  g  in  (7)  and  (8) 

(7  =  0.547  nrho  per  1,000  feet 
or  resistance  to  ground  is 

/  =  1.828  ohms  per  1,000  feet 
9 
r= 0.0580  ohm  per  1,000  feet 

For  the  other  half  of  the  line  the  values  are  practically  the 

same. 

iiA  =  43.7  volts 
/a  =  137  amperes 
/b  =  14  amperes 
L  =  16  600  feet 


Substituting 


cosh  6=^^  =  9.78 

14 

0  =  2.971  =L-\lrg 
r 


£a  =  /b-«/ 

V  I 
Substituting  the  above  values 


sinh  0. 


V: 


=0.321 


(9) 


(10) 


Solving  for  g  and  r  in  (9)  and  (10) 

gf  =  0.558  mho  per  1000  feet 

or  roadbed  resistance 

i[g  =  i .79  ohms  for  1000  feet 
r  =  0.0573  ohm  per  1000  feet 
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The  averages  for  the  two  halves  of  the  hne  are : 

5  =  0.553  mho  for  1000  feet 
1/9  =  1.81  ohms  for  1000  feet 
r  =  0.0576  ohm  per  1000  feet. 

This  Hne  has  a  very  low  elevation,  and  is  smroimded  by  marshes, 
and  its  resistance  to  gromid  is  miusually  low ;  while  the  rail  resist- 
ance is  ver>'  high,  being  15.7  times  that  of  solid  rail  for  this  weight. 
In  other  words,  the  average  resistance  of  each  joint  is  equal  to  that 
of  470  feet  of  rail.  For  a  considerable  per  cent  of  the  distance 
only  one  rail  was  carrying  any  current,  and  it  also  tmdoubtedly 
had  frequent  high-resistance  joints. 

III.  SUMMARY 

Table  8  contains  a  summary  of  the  above  data  and  certain 
interesting  conclusions  may  be  drawn  from  it  when  the  characteris- 
tics of  tlae  Hues  are  considered.  The  Chevy  Chase  line  is  the 
shortest  of  the  three,  and  only  21  volts  was  required  to  maintain 
300  amperes  on  this  length.  The  total  rail  resistance  of  line  No.  2 
is  about  eight  times  that  of  the  Chevy  Chase  Une,  and  the  poten- 
tial difference  required  per  ampere  is  about  six  times  as  great,  so 
that  the  greater  length  of  line  in  No.  2  has  about  offset  the  effect 
of  the  much  higher  leakage  resistance.  Citv  lines  seldom  have 
great  feeding  distances;  the  per  cent  of  current  leaking  to  earth 
will,  therefore,  generally  be  far  less  than  in  subturban  hues  except 
in  special  cases  where  undergrotmd  pipes  are  metallically  connected 
to  the  track. 

TABLE  8 
Siiimnary  of  Track-Leakage  Data 


Length 

Weight 
of  rail 

Over- 
all 

poten- 
tial 

drop 

Current 

Resistance  of  return 
single  track 

Leakage 
resistance 

Line 

Maxi- 
mum 
in  rails 

Per 
cent  to 
earth 

Ohms 

for 
1000 
feet 

Total 
ohms 

Per 

cent  of 

solid 

rail 

Ohms 
for 
lOOO 
feet 

Ohms 
for  a 
mUe 

Chevy    Chase 
(double  track) 

Line  No.  2  (single 
track) 

Feet 
28  600 

56  000 

33  200 

Lbs./yd. 

4-80 

2^8 
2-60 

Volts 
21.0 

66.7 

87.4 

Amp. 
250 

143 

136 

13 

42 
90 

0.00636 
.0128 
.0576 

0.091 

.717 

1.913 

115 
140 
1570 

1.76 
14.57 
1.81 

0.333 
2.75 
.343 

Line  No.  3  (single 
track) 
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Although  most  of  the  joints  on  all  these  lines  are  better  than 
indicated  by  the  per  cent  increase  of  resistance,  there  are  certain 
bad  places  on  each  line  which  bring  this  value  up  to  a  remarkably 
high  figure,  especiall}'  on  line  No.  3.  The  need  of  occasional  tests 
and  of  cross-bonding  is  emphasized  by  such  conditions. 

The  leakage  resistance  of  line  No.  2  is  much  higher  than  either 
of  the  others,  being  about  eight  times  that  of  both  the  Chevy  Chase 
line  and  line  No.  3.  This  indicates  that  rails  clear  of  soil,  and 
ties  embedded  in  well-drained  sand  and  gravel  have  a  higher 
resistance  than  any  track  with  rails  in  contact  with  macadam- 
brick,  or  asphalt  pavement.  When  it  is  considered  that  a  leak- 
age resistance  of  14.5  ohms  for  each  1,000  feet  of  roadbed  indi- 
cates a  leakage  resistance  of  over  29  000  ohms  for  i  foot,  the  high 
insulating  properties  of  this  roadbed  are  more  evident.  This  line 
probably  represents  the  upper  extreme  of  roadbed  resistance  that 
will  be  foimd  imder  ordinan,-  conditions. 

Washington,  April  14,  1916. 
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I.  INTRODUCTION 

Almost  all  oil  varnishes  '  contain,  as  thinner,  gum  spirits  of 
turpentine,  "mineral  spirits,"  ^  or  a  mixture  of  the  two.  Most  of 
the  turpentine  substitutes  prepared  for  use  in  paint  and  varnish 
are  made  from  mineral  oil.  Benzene  (CsHj)  carbon  disulphide, 
alcohol,  and  wood  ttupentine  are  very  rarely  used  for  oil  varnish, 
though  wood  turpentine  is  frequently  used  in  the  manufacture  of 
driers. 

The  definition  for  "volatile  thinner,"  proposed  by  committee 
D-i  of  the  American  Society  for  Testing  Materials,  is  as  follows: 
"All  that  liquid  portion  of  a  paint,  water  excepted,  which  is 
volatile  in  a  current  of  steam  at  atmospheric  pressure."^ 

*  In  this  paper  the  term  "oi!  varnish"  means  varnish  containing  fixed  oil  and  resin. 
^The  term  ''mineral  sprits"  is  being  generally  accepted  for  the  petroleum  distillates  that  are  used  as 
substitutes  for  turpentine.  • 

3  Proc.  Amer.  Soc.  for  Testing  Materials.  14, 1,  p.  225;  1914. 
43207—16 
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II.  PURPOSE  OF  INVESTIGATION 

Since  there  has  appeared  no  published  work  in  which  different 
methods  for  the  determination  of  volatile  thinner  have  been 
compared  by  the  analysis  of  samples  containing  tm^Dentine  and 
of  samples  containing  mineral  spirits,  this  investigation  was 
tmdertaken  in  order  to  ascertain  the  accuracy  and  convenience  of 
the  different  methods. 

III.  REVIEW  OF  THE  LITERATURE 

Mills  *  stated  that  the  volatile  portion  of  a  varnish  can  be  deter- 
mined by  "  simple  evaporation  with  water."  Mcllheney  '  was  the 
first  to  investigate  the  subject  systematically,  but  all  the  samples 
that  he  analyzed  contained,  as  thinner,  only  turpentine.  By 
direct  distillation  under  reduced  pressure  he  obtained  results  that 
were  too  low.  By  heating  films  of  varnish  at  ioo°  C  for  three- 
quarters  to  one  hour  he  obtained  results  for  percentages  of  volatile 
thinner  which,  with  two  samples,  were  very  close  to  the  amoimts 
actually  present,  and  with  a  third  sample  were  too  low.  By  dis- 
tilling off  the  turpentine  from  a  25  g.  sample  of  varnish  with  a 
cmrent  of  steam,  separating  the  water  in  the  distillate  from  the 
turpentine,  and  weighing  the  latter,  he  obtained  satisfactory 
results.  To  correct  his  figures  for  the  solubility  of  turpentine  in 
water  he  added  0.3  g.  to  the  weight  of  the  former.  Approximately 
100  cc  of  water  were  condensed.  He  proposed  this  method  for 
general  use,  stating  that,  besides  being  acciu^ate,  it  has  the  advan- 
tage of  leaving  the  nonvolatile  portion  in  a  condition  that  is 
suitable  for  further  examination.  Livache  and  Mcintosh  *  quoted 
Mcllheney  and  recommended  his  method.  Walker '  modified 
Mcllheney's  method  by  heating  the  still  containing  100  g.  of  the 
varnish  at  130°  C,  adding  to  the  weight  of  the  volatile  thinner  0.3 
g.  for  each  100  cc  of  condensed  water.  Sabin  *  and  Holley  '  recom- 
mended the  latter  method.  Wolff '"  stated  that  in  the  steam 
distillation,  heating  the  still  containing  the  varnish  at  110-115°  C 
is  necessary  for  complete  distillation  of  the  thinner.  Brown  " 
proposed  a  method  for  the  determination  of  volatile  thinner  in 
insulating  varnish,  according  to  which  3  to  4  g.  of  the  sample  are 

'  J.  Soc.  Chem.  Ind.,  5.  p.  222;  1886. 

*  J.  Amer.  Chem.  Soc.  16.  p.  344;  1894. 

"  Livache  and  Mcintosh.  Manufacture  of  Varnishes.  3.  p.  184;  1911. 

'  Bull.  109,  revised.  Bur.  of  Chem.,  Dept.  of  Agriculture;  1910. 

^  Bottler  and  Sabin.  German  and  American  Varnish  Making,  p.  250;  1912. 

^  HoUey,  Analysis  of  Paint  and  Varnish  Products,  p.  23;  1912. 
"  Farben-Ztg..  17,  p.  849.  r9i2. 
"  Proc.  Amer.  Soc.  for  Testing  Materials.  14.  p.  467;  1914. 
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dissolved  in  ether  (or  some  other  readily  volatile  solvent),  the 
solution  diluted  to  50  cc  in  a  graduated  flask,  and  10  cc  of  the 
solution  are  flowed  from  a  pipette  upon  a  weighed  glass  plate 
with  a  ground  surface.  The  plate  is  kept  at  room  temperature 
and  weighed  at  intervals  until  no  further  loss  occurs.  If  the 
varnish  contains  a  "  very  active  drier,"  the  plate  is  kept  in  a  cur- 
rent of  illuminating  gas.  Brown  also  determines  the  specific 
gravity  of  the  varnish  and  of  the  thinner,  as  obtained  by  distilla- 
tion, and  calculates  the  percentage  by  volume  of  thinner  and 
"body"  (nonvolatile  portion).  He  claims  for  his  method  the 
advantage  that  by  continuing  to  weigh  the  plate  at  intervals,  one 
can  determine  the  rate  of  oxidation  of  the  film. 

IV.  EXPERIMENTAL 
1.  COLLECTION  AND  PREPARATION  OF  SAMPLES 

Two  samples  of  varnish  were  obtained  from  a  reliable  manu- 
facturer, one  being  made  from  rosin,  linseed  oil,  Chinese  wood  oil, 
driers,  and  "mineral  spirits,"  and  the  other  from  a  hard  gum, 
hardened  rosin,  linseed  oil,  Chinese  wood  oil,  driers,  and  turpen- 
tine. These  samples  are  subsequently  designated  as  A  and  B, 
respectively.  An  examination  of  the  distillate  obtained  from  B 
showed  that  it  contained  a  very  small  amount  (about  2  per  cent) 
of  "mineral  spirits."  Two  samples  of  varnish  were  prepared  in 
the  laboratory,  the  nonvolatile  portion  of  both  consisting  of 
approximately  equal  parts  by  weight  of  calciimi  resinate  (pre- 
pared by  heating  rosin  with  5  per  cent  of  its  weight  of  slaked 
lime)  and  boiled  Unseed  oil  (containing  lead  and  manganese). 
In  one  case  the  thinner  used  was  tiupentine,  and  in  the  other  light 
mineral  oil.  These  samples  are  designated  as  C  and  D,  respec- 
tively. Examination  of  the  distillates  obtained  from  A  and  B 
and  of  the  thinners  used  to  prepare  C  and  D  gave  the  results  shown 
in  Table  i.  The  distillation  was  made  with  an  Engler  appara- 
tus." The  light  mineral  oil  that  was  present  in  A  and  D  is  fairly 
representative  of  mineral-oil  varnish  thinners. 

"T.  E.  Stillman.  Engineering  Chemistry;  1897. 
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TABLE  1 
Results  of  Examination  of  Thinners 


Material 

Specific 

gravity  at 

15.6 

15.6°  C 

Refrac- 
tive 
index  at 
20*  C 

Unpoly- 
merized 
residue 

Refrac- 
tive 
index  of 
un  poly- 
merized 
at  20°  C 

Initial 
boUing 
point 

90  per 

cent 

distilled 

at— 

95  per 

cent 

distilled 

at— 

Distillate  from  A 

0.763 
.864 
.869 
.761 

1.423 
1.470 
1.471 
1.425 

Per  cent 

°C 

119 

°C 

175 

°C 

Distillate  from  B 

2.5 
1.2 

1.473 
1.513 

Thinner  used  for  C 

Thinner  used  lor  D     

118 

178 

190 

2.  DETERMINATION  OF  VOLATILE  THINNER  BY  DIFFERENT  METHODS 

Four  methods  were  used  for  the  determination  of  the  amounts 
of  volatile  thinner  in  A,  B,  C,  and  D. 

Method  I. — A  steam  distillation  was  made,  using  loo  g  of  var- 
nish, the  still  containing  the  varnish  being  heated  to  115-120°  C 
in  an  air  bath.  The  distillation  required  from  one  and  one- 
fourth  to  one  and  one-half  hours  and  the  volume  of  water  con- 
densed varied  from  550  to  700  cc.  The  distillate  from  the  varnish 
was  separated  from  the  water  and  weighed.  The  "corrected" 
results  (see  Table  2)  were  obtained  by  adding  to  the  weight  of 
the  volatile  thinner  0.3  g  for  each  100  cc  of  water  condensed. 

Method  2. — Approximately  1.5  g  of  varnish  were  placed  in  a 
stoppered  glass  vial  and  the  vial  and  contents  weighed.  The 
varnish  was  poiu-ed  into  a  weighed  metal  dish,  having  a  circular 
flat  bottom  8  cm  in  diameter,  the  stopper  was  replaced,  and  the 
vial  and  stopper  weighed.  The  dish  was  heated  in  an  air  bath  at 
110-115°  C  until  no  further  loss  in  weight  occurred.  The  maxi- 
mum time  required  was  three  hours.  The  loss  was  assumed  to 
be  volatile  thinner. 

Method  5. — Brown's  method.  (See  p.  2.)  With  A  and  B  a 
mixture  of  ether  and  chloroform  was  used,  but  C  and  D  dissolved 
readily  in  ether.  The  films  obtained  were  very  imeven,  being 
thickest  at  the  edges  of  the  plates.  The  plates  were  placed  in  a 
dust-free  glass-walled  cabinet  with  free  access  of  air.  The  plates 
were  weighed  at  intervals  until  no  further  loss  occurred.  The 
maximum  time  required  was  three  hotirs.  The  loss  was  assumed 
to  be  volatile  thinner. 

Method  sa. — This  was  the  same  as  Method  3,  excpet  that  the 
plates  were  kept  in  a  current  of  illuminating  gas.  The  maximum 
time  required  was  three  hours. 


Determination  of  Thinner  in  Varnish  5 

Method  4. — A  small  stoppered  vial  containing  about  i  g  of 
varnish  and  a  small  camel's-hair  brush  were  weighed  together. 
The  contents  of  the  vial  were  poured  upon  a  weighed  glass  plate, 
ID  by  15  cm,  and  brushed  out  to  a  thin  film.  The  stoppered  vial 
and  brush  were  then  weighed.  The  films  of  varnish  weighed  0.6 
to  0.9  g.  The  plates  were  allowed  to  stand  in  the  cabinet  used  for 
Method  3  and  were  weighed  at  intervals  until  no  further  loss 
occurred.  The  first  weighing  was  made  at  the  end  of  two  hours 
and  subsequent  weighings  showed  that  no  fiulher  loss  occurred 
in  any  case.     The  loss  was  assumed  to  be  volatile  thinner. 

The  temperature  of  the  room  diuring  the  determinations  by 
Methods  3,  3a,  and  4  varied  from  30-35°  C. 

The  results  obtained  by  all  methods  are  shown  in  Table  2. 

TABLE  2 

Results  of  Detenuination  of  Volatile  Thinner  by  Different  Methods 


Method 

Sample  A,  mineral 
spirits 

Sample  B.  turpen- 
tine 

Sample  C,  50.1  per 

cent  turpentine 

present 

Sample  D,  53.9  pet 
cent  mineral 
spirits  present 

Found 

Mean 

Found 

Mean 

Found 

Mean 

Found 

Mean 

No.  1 

Per  cent 

50.0 
49.2 
51.7 
51.3 
49.1 
49.6 
48.7 
48.7 
48  6 
49.3 
49.1 
49.1 

Per  cent 

49.6 
51.5 
49.4 
48.7 
49.0 
49.1 

Per  cent 

52.5 
53  5 
54.4 
55.4 
52.9 
52.7 
51.8 
51.0 
52.6 
52.2 
52.8 
52.6 

Per  cent 
53.0 
54.9 
52.8 
51.4 
52.4 
52.7 

Per  cent 

48.9 
49.5 
51.0 
50.2 
50.0 
49.2 
49.3 
49.0 
49.2 
50.0 
49.5 
49.6 

Per  cent 

49.2 
50.6 
49.6 
49.2 
49.6 
49.6 

Per  cent 

52.7 
53.0 
54.7 
54.9 
53.3 
52.3 
53.4 
52.8 
53.0 
52.9 
53  3 
53  4 

Per  cent 
52.9 

No.  1  (corrected) 

No.  2 

54.8 
52.8 

No.  3 

53.1 

No.  3a 

53.0 

No.  4      

53.4 

Mean 

49.5 
+2.0 

52.9 

+2.0 

49.6 

+  1.0 
-0.9 

53.3 

Maximum  deviation 
trom  mean 

+2.2 

+2.5 

+1.4 
-1.1 

+  1.6 
-1.6 

+  1.5 

Maximum  deviation 

—1.1 

V.  DISCUSSION  OF  RESULTS  AND  METHODS 

The  uncorrected  results  obtained  by  method  i  and  those 
obtained  by  methods  3,  3a,  and  4  are  all  as  concordant  as  can  be 
expected.  It  was  also  to  be  expected  that  slightly  higher  figures 
would  be  obtained  by  method  3a  than  with  method  3.  The  per- 
centages of  volatile  thinner  in  C  and  D  obtained  by  method  i 
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(uncorrected)  and  by  methods  2,  3,  3a,  and  4  are  but  slightly  less 
than  the  amounts  actually  present  and  the  corrected  results  by 
method  i  are  but  slightly  greater.  It  appears,  therefore,  that  for 
such  varnishes  the  most  convenient  method  may  be  selected  for 
routine  use.  During  the  application  of  varnish  the  thinner  is 
rapidly  evaporating,  so  that  for  practical  purposes  an  error  of  i 
per  cent  in  the  determination  is  of  no  significance.  In  this  labo- 
ratory method  2  is  used,  the  result  being  reported  as  the  whole 
percentage  next  above  the  figm^e  obtained.  Should  the  steam 
distillation  method  be  used,  with  subsequent  correction  of  results, 
the  percentage  of  volatile  thinner  should  be  reported  as  the  whole 
percentage  next  below  the  figure  obtained.  In  the  examination 
of  samples  of  interior,  floor,  coach,  and  spar  varnishes  panel  tests 
and  drying  tests  on  glass  are  made  separately  instead  of  in  con- 
nection with  the  determination  of  volatile  thinner  as  is  suggested 
by  Brown.  The  distillate  obtained  by  steam  distillation  of  an 
unweighed  portion  of  the  varnish  is  used  for  the  determination  of 
the  nature  of  the  thinner. 

The  practically  complete  volatilization  of  the  thumer  in  a  short 
time,  as  obtained  in  the  determinations  by  method  4,  indicates 
that  with  such  samples  it  is  highly  improbable  that  the  nature  of 
the  dried  film,  or  the  rate  of  drying,  is  influenced  by  the  nature  of 
the  thinner.  These  samples,  however,  were  analyzed  shortly 
after  preparation,  while  some  varnishes  of  high  quality  are  aged, 
sometimes  for  years,  before  being  marketed.  In  aged  varnishes 
it  is  probable  that  turpentine  changes  so  as  to  yield  nonvolatile 
material,  which  remains  in  the  varnish  coat,  when  the  film  dries. 
The  changes  in  the  volatile  thinner  contents  of  varnishes  on  aging 
is  under  investigation  in  this  laboratory. 

VI.  SUMMARY 

It  has  been  shown  that  any  of  the  methods  described  above  give 
results  which,  though  only  approximate  from  a  scientific  stand- 
point, are  satisfactorily  acciu-ate  for  practical  purposes.  The 
volatilization  of  the  thinner,  in  some  cases  turpentine  and  in 
others  mineral  spirits,  from  drying  films  of  freshly  prepared 
varnishes  was  practically  complete  in  two  hours  at  room  tempera- 
ture (30  to  35°  C). 

Washington,  April  27,  1916. 
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I,  INTRODUCTION 
1.  OBJECT  OF  INVESTIGATION 

The  work  presented  in  this  paper  was  undertaken  for  the 
purpose  of  securing  data  from  which  to  calculate  standard  den- 
sity and  voliunetric  tables  for  American  petroleum  oils.  The 
data  have  been  secured  and  the  tables  prepared  and  published 
as  Circular  No.  57  of  this  Bureau.  These  tables  are  intended  to 
be  applicable  to  all  petroleum  oils,  both  crude  and  refined,  pro- 
duced in  the  United  States.  They  cover  a  density  range  of  0.620 
to  0.950,  and  a  temperature  range  of  30°  F  to  120°  F.  In  addi- 
tion to  these,  a  special  table  for  heavy  lubricating  and  fuel  oils 
has  been  prepared  with  a  temperature  range  up  to  210°  F. 
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II.  MATERIAL  USED 

The  material  used  in  the  investigation  here  reported  was  for 
the  most  part  suppUed  by  producers  and  refiners  of  oil  in  various 
parts  of  the  United  States.  Oil  samples  were  received  from  the 
States  of  Pennsylvania,  New  York,  Ohio,  Louisiana,  Texas, 
Oklahoma,  Kansas,  Indiana,  and  California. 

A  part  of  the  samples  of  lubricating  oil  were  of  imknown 
origin,  having  been  submitted  to  the  Bureau  for  test  in  connec- 
tion with  the  fulfillment  of  contracts  with  the  Government  for 
lubricating  oils. 

It  is  assumed  that  the  samples  examined  fairly  represent  the 
commercial  petroleum  oils  produced  in  the  United  States.  As 
the  object  of  the  investigation  was  to  determine  the  rate  of 
expansion  of  commercial  petroleum  oils,  no  special  precautions 
were  taken  to  insure  more  than  ordinary  purity  in  the  samples 
collected. 

III.  METHODS  OF  MEASUREMENT  EMPLOYED 

In  making  the  density  determinations  on  the  oil  samples  two 
methods  were  employed:  (a)  The  method  of  hydrostatic  weigh- 
ing; (b)  the  picnometer  method. 

In  making  use  of  the  first  method  a  sinker  or  plmnmet  of 

known  mass  and  volume  is  weighed  in  the  sample  of  oil  whose 

density  is  to  be  measured,  and  the  density  is  calculated  from 

■the  known  volume  and  the  difference  between  the  weight  of  the 

sinker  in  vacuo  and  when  immersed  in  the  oil. 

By  the  second  method  the  weight  of  a  known  volume  of  the 
oil  in  question  is  determined,  and  the  density  calculated  in  the 
usual  way.  Details  of  the  calculation  will  be  given  at  a  later 
point  in  this  paper. 

IV.  APPARATUS  USED 

The  greater  part  of  the  apparatus  used  in  this  investigation 
has  been  previously  described  in  pubHcations  '  of  the  Bureau 
and  need  not  be  described  in  great  detail  here.  The  essential 
features  of  the  apparatus  used  in  the  method  of  hydrostatic 
weighing  are  shown  in  Figs,  i  and  2.  The  picnometer  is  shown 
in  Fig.  3. 

'  Bureau  of  Standards  Bulletin,  9,    p.  371;  Technologic  Paper  No.  9,  p.  7. 
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The  sinker  employed  has  a  mass  of  99.9630  g,  and  the  follow- 
ing volmnes  at  the  temperatm-es  indicated: 

TABLE  1 
Volume  of  Sinker  No.  7 


Tempera- 
ture in 
degrees 

centigrade 

Volume 
in  milli- 
liters 

0 
10 
20 
25 
30 
40 
50 

47.  6882 
47.  6998 
47.  7113 
47.  7170 
47.  7227 
47.  7339 
47.  7450 

The  picnometers  used  have  the  following  internal  volumes  at 
the  temperatures  indicated: 

TABLE  2 


Tempera- 
ture in 
degrees 

centigrade 

Internal  volume  in 
milliliters 

No.  1 

No.  2 

0 

25 
50 
75 
95 

108.3803 
108.4543 
108. 5378 
108.  6283 
108.  6906 

109.0834 
109. 1545 
109.  2335 
109.  3216 
109.  3954 

The  picnometers  have  the  following  external  volumes  at  20° 
C:  No.  I,  156.041  ml;  No.  2,  155.592  ml.  The  external  volume 
is  used  only  in  calculating  the  correction  for  air  buoyancy  and 
need  not  be  known  with  great  acciuracy. 

The  temperature  control  bath  (Fig.  i)  is  so  arranged  that  either 
the  densimeter  tube  H  (Fig.  2)  or  the  picnometer  (Fig.  3)  may  be 
used.  By  means  of  an  electric  heating  coil  and  a  refrigerating 
brine  coil  any  desired  temperatine  between  0°  and  50°  C  may  be 
secured  and  automatically  maintained  within  the  bath. 

The  temperature  of  the  bath  is  observed  by  means  of  mercury 
thermometers  suspended  in  the  bath  parallel  to  the  picnometer 
or  densimeter  tube,  as  shown  in  Fig.  i.  The  thermometers  are 
subdivided  to  o°i  C,  and  by  means  of  a  long-focus  microscope  are 
read  to  o°oi  C. 

The  thermometers  used  are  well  aged  and  have  been  frequently 
calibrated,  and  when  used  repeatedly  over  the  same  temperature 
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range  in  the  same  regular  order  and  with  occasional  determina- 
tions of  the  ice  point,  the  temperature  observations  are  very  con- 
sistent and  are  believed  to  be  reliable  to  o°oi  or  o°o2  C.  The 
temperatures  were  nearly  always  read  with  a  stationary  or  slowly 
rising  meniscus,  as  a  falling  meniscus  is  known  to  be  unsteady  and 

unreliable. 

V.  CALIBRATION  OF  APPARATUS 

The  density  sinker  and  the  picnometers  were  calibrated  by  the 
use  of  pure,  air-free,  twice-distilled  water,  assuming  Chappuis's ' 
values  for  the  density  of  water  to  be  correct.  Calibrations  were 
made  at  each  temperature  at  which  densities  were  to  be  deter- 
mined. 

Throughout  this  paper  all  densities  are  expressed  in  grams  per 
milliliter  and  all  weights  are  reduced  to  vacuo.  The  densities  are, 
therefore,  in  all  cases  numerically  the  same  as  true  specific  gravi- 
ties at  the  various  temperatures  referred  to  water  at  4°  C  as  imity. 

VI.  TEMPERATURE     RANGE     OF     DENSITY     DETERMINA- 
TIONS 

1 

Density  determinations  were  made  on  most  of  the  samples  at 
the  following  temperatures:  0°,  10°,  20°,  25°,  30°,  40°,  and  50°  C. 
On  a  few  samples  determinations  were  not  made  at  the  lower 
temperatures,  while  on  others  the  temperatiu-es  were  carried  up 
to  75°,  85°,  and  95°  C. 

VII.  METHOD  OF  PROCEDURE 

1.  BY  THE  METHOD  OF  HYDROSTATIC  WEIGHING 

The  oil  sample  whose  density  is  to  be  measured  is  placed  in  the 
densimeter  tube  H  with  the  sinker  E  immersed  in  it  (Fig.  i)  and 
the  tube  secured  in  position  in  the  temperature-control  bath. 
The  temperature  of  the  bath  is  then  brought  to  the  point  at  which 
the  first  density  determination  is  to  be  made  and  is  allowed  to 
remain  constant  until  the  apparatus  reaches  a  condition  of  tem- 
perature equiUbrium.  After  about  20  minutes  at  the  constant 
temperature  obsers'ations  are  begun.  First,  a  weighing  is  made 
with  the  sinker  E  immersed  in  the  oil  sample  and  suspended  from 
the  arm  of  a  balance.  The  temperature  is  then  read  on  each  of 
two  thermometers  suspended  in  the  tube  L,  which  is  immersed  in 
the  same  bath  and  close  to  the  densimeter  tube  H.  Next,  a  weigh- 
ing is  made  with  the  sinker  E  detached  from  the  suspension  and 
resting  on  the  botton  of  the  tube  H.     Then,  a  second  weighing  is 

'  p.  Chappuis.  Bureau  latematiooal  des  Poids  et  Mesures,  Travaux  et  Memoires,  XIII;  2907. 
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made  with  the  sinker  E  suspended;  and,  finally,  the  temperature 
is  again  read  on  the  two  tliermometers. 

By  means  of  the  small  sinker  F  the  suspension  wire  is  kept  in 
position  and  passing  through  the  surface  of  the  oil  at  all  times, 
both  when  the  large  sinker  E  is  suspended  and  when  it  is  detached. 
In  this  way  the  effect  of  surface  tension  on  the  suspension  wire  is 
eliminated.  The  observations  at  each  temperature,  as  outlined 
above,  consist  of  two  weighings  with  the  sinker  attached,  one 
weighing  with  it  detached,  and  two  readings  on  each  of  two  ther- 
mometers. The  reason  for  making  two  weighings  with  the  sinker 
attached  and  only  one  with  it  detached  is  because  in  the  former  case 
a  slight  change  in  the  temperature  of  the  oil  makes  an  appreciable 
change  in  the  apparent  weight  of  the  sinker  on  account  of  its  large 
volume,  while  in  the  latter  case  the  change  is  not  appreciable. 

After  completing  the  observations  at  one  point  the  tempera- 
ture of  the  bath  is  changed  to  the  next  in  the  series  and  the  process 
repeated  in  the  same  order. 

2.  BY  THE  PICNOMETER  METHOD 

The  method  of  hydrostatic  weighing  above  described  is  applica- 
ble only  to  such  oils  as  are  of  sufficient  fluidity  to  allow  the  sinker 
to  readily  take  up  a  position  of  static  equilibrium  when  sus- 
pended in  the  oil.  With  the  more  viscous  oils  the  sensibihty  of 
the  balance  is  greatly  reduced  and  the  weighings  become  more 
difficult  to  make,  and  of  doubtful  accuracy.  For  such  oils  it  is 
therefore  necessary,  or  at  least  desirable,  to  use  some  other 
method.  The  method  usually  resorted  to  is  that  of  the  picnom- 
eter  or  specific-gravity  bottle. 

For  the  work  here  described,  special  picnometers  were  de- 
signed and  constructed  somewhat  similar  to  those  previously 
used  in  alcoholometric  determinations.^  The  essential  features 
are  the  tube  E  (Fig.  3)  extending  nearly  to  the  lower  end  of  the 
picnometer,  the  tube  D  extending  up  through  the  bottom  of  tlie 
reservoir  /,  the  fimnel  G  and  the  attachment  F  provided  with  a 
stopcock. 

In  filling  the  picnometer  the  oil  is  placed  in  the  funnel  G  and 
drawn  in  through  E  by  exhausting  the  air  through  F.  By  this 
means  much  time  is  saved  in  filling  the  picnometer  and  the 
method  is  equally  efficacious  in  emptying  and  cleaning  the  pic- 
nometer when  it  is  desired  to  introduce  a  new  sample. 

When  the  filling  is  completed  F  and  G  are  replaced  by  the 
caps  A  and  B,  all  parts  being  provided  with  well-fitting  ground 
joints.     The  picnometer  having  been  filled,  it  is  placed  in  the 

•  Bull.  Bureau  of  Standards.  9.  p.  405. 
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temperature-control  bath  in  place  of  the  densimeter  tube  and 
the  temperature  brought  to  the  desired  point  as  before.  The 
quantity  of  oil  in  the  picnometer  is  so  adjusted  that  when  tem- 
perature equilibrium  has  been  established  the  oil  surface  is  just 
flush  with  the  tip  of  the  capillary  tubes  C  and  D.  The  excess 
oil  in  the  reservoir  /  is  removed  and  the  interior  of  the  reservoir 


Fig.  3. — Special  picnometer 

carefully  cleaned  by  means  of  a  pipette,  filter  paper,  and  gaso- 
line. The  temperature  is  then  observed  and  the  picnometer 
removed  from  the  bath,  dried  on  the  outside,  allowed  to  come  to 
room  temperature,  and  then  weighed. 

The  density  of  the  oil  at  each  temperature  is  calculated  by  divid- 
ing the  mass  by  the  volume;  that  is,  by  the  internal  volume  of 
the  picnometer  at  that  temperature. 
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K.  CALCULATION  OF  RESULTS 

Having  made  the  weighings  and  observed  the  temperatures  at 
each  of  the  several  points  at  which  the  density  is  to  be  determined, 
the  calculation  of  density  is  carried  out  by  means  of  the  following 
equations : 

(i)  By  the  method  of  hydrostatic  weighing: 


<'-id 


Di        VI        f; 

Dt  =  density  of  oil  at  the  temperature  t 

S    =  mass  of  sinker 

w    =  apparent  mass  of  sinker  in  oil  at  temperature  i 

p  =  density  of  air 
8.4  =  density  of  brass  weights 
Vt  =  volume  of  sinker  at  temperature  t 
M  =  mass  of  oil  displaced  by  sinker 
(2)  By  picnometer: 


Dt 


K'-m)"'""-^   m 


V,  -V, 


Dt  =  density  of  oil  at  the  temperature  t 

w  =  apparent  mass  of  picnometer  filled  with  oil  at  temperature  / 

p  =  density  of  air 
8.4  =  density  of  brass  weights 

V  =  external  volimie  of  picnometer 

P  =  mass  of  empty  picnometer 

Vt  =  internal  volume  of  picnometer  at  temperature  / 

M  =mass  of  oil  contained  in  picnometer. 

X.  REDUCTION  OF  OBSERVATIONS 

Having  determined  the  density  of  the  individual  samples  at  the 
several  temperatures,  the  rate  of  change  of  density  with  change 
of  temperature  was  calculated  by  the  application  of  the  method 
of  least  squares  to  the  density  determinations  made  on  each 
sample. 
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It  is  assumed  that  the  expansion  of  any  sample  may  be  repre- 
sented by  an  equation  having  the  form, 

Dt  =  DT+a{t-T)+0it~T)' 
in  which, 

Dt  =  density  at  any  temperature  / 
Dt  =  density  at  the  standard  temperature  T 

a  and  /3  are  constant  coefficients  to  be  determined  for  each 
sample. 

The  various  steps  in  the  operation  of  working  out  the  values  of 
a,  /3,  Dt,  and  the  most  probable  values  of  Dt  for  an  average 
sample  of  oil  are  shown  in  Tables  5  and  6.  From  the  closeness 
of  the  agreement  between  the  observed  and  the  calculated  values 
of  Dt,  it  is  seen  that  the  assumed  equation  can  not  be  much  in 
error. 

A  similar  reduction  of  the  observations  has  been  made  for  each 
sample;  this  work,  however,  will  not  be  given  here  in  detail. 


TABLE  5 
Sample  of  Reduction  of  Observations 

t 

C, 

Ci> 

Cj 

c,c, 

CH 

D. 

N 

CiN 

CjN 

0 

-25 

625 

375 

-9375 

140625 

0.79494 

+0.01900 

-0.47500 

+7.12500 

10 

-15 

225 

-  25 

+  375 

625 

.78735 

+  .01141 

-  .17115 

-  .28525 

20 

-5 

25 

-225 

+  1125 

50625 

.77978 

+  .00384 

-  .01920 

-  .86400 

25 

0 

0 

-250 

0 

6250O 

.77599 

+  .00005 

.00000 

-  .01250 

30 

5 

25 

-225 

-1125 

50625 

.77217 

-  .00377 

-  .01885 

+  .84825 

40 

15 

225 

-  25 

-  375 

625 

.76453 

-  .01141 

-  .17115 

+  .28525 

50 

25 

625 

375 

+9375 

140625 

.75683 

-  .01911 

-  .47775 

-7.16625 

7)1750 

0 

446250 

.77594 

-1.33310 

-  .06950 

250 

The  normal  equations  are : 


X„  + 


2;C,2/3 


D,]„ 


in  which 

Ci=t  —  tm  (tm  =  mean  temperature) 

C,  =  C^-[C,%  ([Q]^  =  meanQ^) 

N  =  Dt-[DtU  (Pt]n,  =  meanA) 

n  =  nimiber  of  measured  temperatures  in  series  =  7 
.JTm  =  density  at  mean  temperature  =  D^^ 
Dt  =  density  at  temperature  t 
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By  solving  the  above  normal  equations,  the  following  values 
of  a,^,  and  £>j5  are  obtained: 

a=  —0.000762 
/3=  —0.00000016 
^5=     0.77598 

These  values  when  substituted  in  the  general  equation  give 
the  density  values  shown  in  Table  6 : 

Dt=Z?25  +  a(f-25)+/3«-25)» 

=  0.77598  —0.000762(^  —  25)  —0.00000016(^-25)' 

TABLE  6 


t 

t-25 

(t-25)> 

a(t-25) 

P{t-25)' 

(calculated) 

(observed) 

Difference 
(obs.-c«l.) 

0 

-25 

625 

+a01904 

-0.00010 

0.79492 

0.79494 

2 

10 

-15 

225 

+  .01143 

-  .00004 

.78737 

.78735 

-2 

20 

-  5 

25 

+  .00381 

.00000 

.77979 

.77978 

-1 

2S 

0 

0 

.00000 

.00000 

.77598 

.77599 

1 

30 

5 

25 

-  .00381 

.00000 

.77217 

.77217 

0 

40 

15 

225 

-  .01143 

-  .00004 

.76451 

.76453 

2 

25 

625 

-  .01904 

-  .00010 

.75684 

.75683 

—I 

The  above  reductions  are  for  a  sample  of  "Texaco  spirits  "  from 
Oklahoma  crude. 

The  density  determination  made  on  the  individual  samples,  and 
the  calculated  thermal  density  coefl&cient  for  each  sample  are  shown 
in  the  following  pages.  The  samples  in  each  group  are  arranged 
in  increasing  order  of  their  densities  at  25°  C. 

XI.  RESULTS  IN  DETAIL 

TABLE  7 

Refined  Oils 


Locality  produced 

Nature  of  oU 

Density  (g/ml)  at- 

0" 

10° 

20° 

25° 

30° 

40° 

50° 

aXlflS 

/SXIC 

Pentane 

0.6388 
.6410 
.6564 
.6562 
.7002 
.7193 
.7237 
.7506 
.7515 

0.6131 
.6164 
.6321 

.6324 
.6781 
.6975 
.7019 
.7296 
.7310 

103 
98 
97 
95 
89 
87 
88 
M 
82 

do 

do 

do 

Kflfhth.    

0.  6914 
.7107 
.7150 
.7422 
.7433 

0.6825 
.7020 
.7062 
.7339 
.7351 

0.  6735 
.6933 
.6975 
.7256 
.7270 

0.6647 
.6845 
.6887 
.7172 
.7188 

0.6558 
.6757 
.6798 
.7087 
.7105 

-  1 

Gasoline 

-  2 

Naphtha 

_  2 

—  I 

do 

-  I 
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Locality  produced 


Nature  of  oil 


Callionila 

Do 

Iprtinnfl 

Calilomla 

Oklahoma 

Pennsylvania... 

Do 

Do 

Louisiana 

Pennsylvania... 

Do 

Ohio 

Indiana 

Oklahoma 

Mid -continent. 
CalUomia 

Do 


Louisiana 

Pennsylvania. . 

TiKllflnfl 


California 

Pennsylvania. 

Do 

Do 

Louisiana 


Pennsylvania. . 


Louisiana. 


Indiana. 


Texas. . . 
Indiana. 


Tenr. . 
Do. 


Gasoline  (treated) 
Benzine  (treated) 

Naphtha 

Engine  distillate. . 

Gasoline 

Kerosene 

....do 


...do 

Lighthouse  oil . 

Kerosene 

....do 


...do.... 
Refined... 
Kerosene. 
....do.... 


....do 

....do 

Burning  oil  (high 

F.T.) 

Mineral  Seal 

Refined 

...do 

Neutral 

...do 

Stove  oil  (treated). 

Refined 

Dynamo  oil 

Refined 

...do 

Neutral 

Refined 

Marine  engine . . . 

Gas  engine 

Refined 

Cylinder  oil 

Paraffin  oil 

Refined 

Engine  oil 

Cylinder  oil 

Paraffin  oil 

CyUnderoU 

Refined 

do 


Density  (g/ml)  at- 


,7532 
7641 
7657 
,7879 
,7949 
,7981 
,7990 
,7994 
,8017 
,8040 
,8054 
,8096 
.8128 
.8136 
.8177 
.8249 
.8301 
.8389 

.8390 
.8573 
.8614 
.8646 
.8714 
.8763 


Gas  engine  oil. 

Refined 

do 


.8800 
.8802 
.8832 
.8834 
.8841 
.8938 
.8974 
.9007 
.9108 
.9118 
.9111 
.9124 
.9153 
.9205 
.9285 
.9385 
.9421 
.9470 
.9497 
.9551 


10°         20°         25°         30°         40°         50°      aXlOS    PXW 


7447 
,7556 

7575 
,7799 
,7874 
,7908 

7918 
,7921 
,7944 
,7968 
,7982 
,8023 
,8054 
,8069 
,8104 
,8175 
.8228 


.8322 
.8507 
.8546 


.8692 
.8703 
.8736 
.8735 


.9045 
.9053 


.7362 
.7473 
.7493 
.7719 
.7798 
.7835 
.7845 
.7848 
.7872 
.7896 
.7910 
.7949 
.7979 
.7989 
.8030 
.8101 
.8155 


,8254 
,8440 
.8478 


.8620 
.8638 
.8672 
.8671 


7319 
7431 
,7453 
,7679 
,7760 
,7799 
,7809 
,7812 
,7835 
,7860 
,7874 
.7913 
.7942 
.7953 
.7994 
.8064 
.8119 
.8220 

.8221 
.8407 
.8444 
.8481 
.8551 
.8585- 
.8606 
.8639 
.8639 
.8661 
.8672 
.8688 
.8766 
.8810 
.8838 
.8910 
.8947 
.8948 
.8956 
.8971 
.9036 
.9086 
.9219 
.9221 
.9306 
.9333 
.9389 


.7277 
.7389 
.7411 
.7639 
.7722 
.7762 
.7772 
.7775 
.7799 
.7824 
.7838 
.7876 
.7905 
.7916 
.7957 
.8027 
.8082 


.8187 
.8374 
.8410 


.8550 
.8574 
.8607 
.8607 


.8657 


.8915 
.8924 


.7190 
.7305 
.7328 
.7559 
.7645 
.7689 
.7700 
.7702 
.7726 
.7753 


.7104 
.7220 
.7244 
.7478 
.7568 
.7615 
.7627 
.7629 
.7650 
.7681 


.  7766  I  .  7694 


.7802 
.7830 
.7842 
.7883 
.7953 
.8009 


,8119 
,8308 
.8343 


.8479 
.8510 
.8542 
.8544 


.8594 


.8850 
.8859 


.7729 
.7756 
.7769 
.7809 
.7878 
.7935 
.8053 

.8052 
.8243 
.8275 
.8317 
.8388 
.8408 
.8447 
.8478 
.8481 
.8498 
.8512 
.8531 
.8609 
.8651 
.8678 
.8730 
.8786 
.8786 
.8794 
.8803 
.8876 
.8912 
.9054 
.9052 
.9145 
.  9173 
.9230 


84 
82 
80 
76 
73 
73 
73 
73 
72 
72 
73 
74 
73 
74 
74 
73 
67 

68 
66 
68 
66 
65 
71 
64 
64 
64 
67 
63 
62 
66 
65 
66 

076 
66 
65 

066 
70 
66 

075 
66 

074 
65 
6S 
64 


-  3 

-  I 

-  2 

-  I 

-  2 

-  1 
0 
0 

-  2 
0 
0 

-  1 

-  1 
0 
0 

a 
0 


0 

+  1 
+  1 


+  1 

+  3 

0 

+  3 


-  3 


+  1 
+  14 


°  These  samples  probably  contained  solid  particles  at  the  low  temperatures. 
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TABLE  8 
Crude  Oils 


Locality  produced 


Do 
t'ml 


Da 
gym] 


25°-50'' 


Da 
g'ml 


Pennsylvania.. 

Louisiana. 

Texas 

Pennsylvania . . 

Louisiana. 

Ohio 

Mid -continent. 
Oklahoma  .... 

Caliiomia 

Do 

Louisiana 

Teias 

CalUomia 


Texas 

Do.... 
Do... 

Do 

Calltemla.. 


C.  8253 
.8309 
.8425 
.8432 
.8526 
.8548 
.8726 
.8815 
.9082 
.9162 
.9193 
.9232 
.9361 


0.00074 
.00076 
.00074 
.00072 
.00065 
.00076 
.00067 
.00074 
.00070 
.00067 
.00069 
.00068 
.00071 


0.8067 
.8118 
.8241 
.8251 
.8363 
.8459 
.8558 
.8629 
.8908 
.8995 
.9021 
.9062 
.9183 

Da 

g/ml 

.9180 
.9194 
.9296 
.93% 
.9564 


0.00070 
.00071 
.00072 
.00069 
.00065 
.00068 


.00068 
.00070 
.00067 
.00068 
.00066 
.00068 

ol 

30°-40° 

.00071 
.00066 
.00067 
.00068 
.00066 


0.7892 
.7940 
.8061 
.8078 
.8200 
.8288 


.8460 
.8734 
.8828 
.8850 
.8897 
.9012 

Dtf 

gml 

.9109 
.9128 
.9229 
.9328 
.9498 


TABLE  9 
Fuel  Oils  and  Heavy  Lubricating  Oils 


Nature  of  oil 

Da 
g/ml 

a' 
25'-SO- 

Dm 
t'ml 

50°-75° 

Dts 
g/ml 

Dn 

g/ml 

0.8620 
.8641 
.8651 
.8713 
.8809 
.9003 
.9010 
.9140 
.9171 
.9202 
.9204 
.9285 
.9386 
.9526 
.9537 

0.00063 
.00068 
.00064 
.00067 
.00063 
.00068 
.00069 
.00068 
.00065 
.00064 
.00064 
.00064 
.00064 
.00065 
.00065 

0.  8462 
.8472 
.8492 
.8546 
.8652 
.8833 
.8838 
.8971 
.9009 
.9043 
.9044 
.9126 
.9225 
.9363 
.9374 

a00064 
.00067 
.00063 
.00056 
.00062 
.00062 
.00061 
.00063 
.00064 
.00064 
.00064 
.00063 
.00064 
.00066 
.0006,"! 

a8303 
.8304 
.8335 
.8380 
.8496 
.8678 
.8686 
.8814 
.8848 
.8884 
.8885 
.8968 
.9065 
.9199 
.9212 

0.00063 
.00068 
.00063 
.00068 
.00062 
.00062 
.00062 
.00064 
.00064 
.00064 
.00064 
.00063 
.00064 
.00066 
.0006.5 

0.  8177 

FqcL                  

0.8168 

.8209 

FueL                     

0.8144 

.8373 

.8S5S 

Noncondensing  cylinder 

.8563 
.8667 

.8720 

.8757 

Do        

.8758 

.8842 

.8936 

Fuel    

O.9066 

Do 

.9082 

a  Calculated  from  the  density  at  85°  C    «*  is  the  change  of  density  per  degree  centigiade. 
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XII.  PLOT  OF  a  AND  fi  AGAINST  DENSITY  AT  25°  C 

Following  the  detailed  results  the  values  of  a  and  /3  for  each 
sample  are  shown  graphically,  these  values  having  been  plotted 
against  the  density  of  the  sample  at  25°  C. 
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Fig.  4. — Plot  of  a  and  P  against  density 

A  smooth  curve  was  drawn  through  the  points  so  plotted  and 
the  average  values  of  a  and  /3  read  from  this  ciu-ve  (Fig.  4) .  These 
values,  when  transformed  to  the  basis  of  specific  gravity  at 
6o°/6o°  F  were  used  in  calculating  the  expansion  tables  published 
in  Circular  No.  57  of  this  Bureau. 
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Xm.  TABULATED  VALUES  OF  D„,  a,  AND  fi 

TABLE  10 

Average  Values  of  a  and  /J  from  Curres    (Fig  4) 


D 

25°  C 

or 

P 

D 

25°  C 

a 

3 

(L62 

-0.00099 
.00097 
.00095 
.00094 
.00092 
.00091 
.00090 
.00088 
.00087 
.00086 
.00084 
.00083 
.00081 
.00080 
.00078 
.00077 
.00075 

-0.  0000004 
.0000003 
.0000003 
.0000003 
.0000003 
.0000003  ^ 
.0000002 
.0000002 
.0000002 
.0000002 
.0000002 
.0000001 
.0000001 
.0000001 
.0000001 
.0000001 
.0000000 

0.79      

-0.00073 
.00072 
.00071 
.00070 
.00070 
.00069 
.00068 
.00068 
.00068 
.00067 
.00067 
.00067 
.00066 
.00066 
.00066 
.00066 
.00066 

0.0000000 

(L63  . 

0.80 

.0000000 

OlM 

0.81    

.0000000 

0.6S  . 

0.82 

.0000000 

(L66 

0.83 

.0000000 

0.67 

0.84 

.0000000 

0.68 

0.85 

+.0000001 

Ot.69 

0.86 

.0000001 

0.70 

0.87 

.0000001 

a7i 

0.88 

.0000001 

0l72. 

0.89 

.0000002 

0.73 

0.90 

.0000002 

0.74 

0.91 

.0000002 

0.75.     ... 

0.92 

.0000002 

0.76 

0.93      

.0000002 

0.77 

0.94 

.0000002 

0.78 

0.95 

.0000003 

XIV.  CALCULATION    OF   STANDARD    DENSITY   AND    VOLU- 
METRIC TABLES 

Meastirements  of  petroleum  oils  in  the  United  States  are  usually 
made  on  the  basis  of  6o°  F  as  the  standard  temperature,  and 
instead  of  density  either  the  specific  gravity  at  6o°  F,  referred 
to  water  at  6o°  F  as  unity,  or  the  degrees  Baumd  is  ordinarily 
employed.  The  volume  of  the  oil  is  also  usually  corrected  to 
6o°  F.  For  that  reason  it  is  necessar>'  to  transform  the  general 
equation  representing  the  expansion  of  petroleum  oils  in  such  a 
way  that  by  its  use  the  specific  gravity  at  any  temperature  can 
be  calculated  from  the  specific  gravity  at  6o°/6o°  F  (i5?56/ 
i5?56C). 

When  so  transformed,  the  equation  Dt  =  D^  +  a^{t  —  T)+P^{t  —  T)' 
becomes : 
Specific   gravity    //i 5 ?56  =  specific    gravity    i5?56/i5?56  +  ot(/  — 

15.56) +/3t  (/-I5-56)' 
in  which, 

ot  =  OT  +  2i3(/-r),  and/3t  =  /3T 

Op  =  change  of  density  per  degree  centigrade  at  25°  C 

at  =  change  of  specific  gravity  per  degree  centigrade  at  I5?56  C 
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For  the  purpose  of  calculating  the  volume  of  oil  at  any  tem- 
perature from  the  volume  at  60°  F  (i5?56  C),  the  equation  is  put 
in  the  form: 


in  which 


Vt  =  V,,o,,cU+A  {t-is.56)+B  (^-15.56)'] 


A  =  ^  and  B=A^--f^ 


The  volume  coefficients  A  and  B  for  oils  of  different  specific 
gravities  axe  shown  in  the  following  table : 


TABLE  11 


Specific  gravity 
15956  „ 
15956  ^ 

A 

B 

Specific  gravity 
15956 
15956  ^ 

A 

B 

0.630  . 

0.00156 
.00150 
.00145 
.00140 
.00136 
.00132 
.00128 
.00125 
.00121 
.00118 
.00114 
.00111 
.00107 
.00104 
.00100 
.00097 
.00094 

0.0000030 
.0000028 
.0000026 
.0000024 
.OOOB023 
.0000022 
.0000020 
.0000019 
.0000018 
.0000016 
.0000015 
.0000014 
.0000013 
.0000012 
.0000011 
.00(K3010 
.0000009 

0.800 

0.00091 
.00089 
.00087 
.00084 
.00082 
.00081 
.00079 
.00077 
.00076 
.00075 
.00074 
.00073 
.00072 
.00071 
.00070 
.00069 
.00069 

0  0000009 

0.640 

0.810 

.0000008 

0.650       .           .  . 

0.820 

0001J007 

0.660  

0.830 

0.670..  

0.840 

.0000006 

0.680  

0.850          .   . 

. 0000005 

0.690 

0.860 

.000(1005 

0.700    

0.870 

. 0000005 

0.710 

0.880  

0.720 

0.890 

. 0000004 

0.730  

0.900    

. 0000004 

0.740 

0.910 

.0000003 

0.750 

0.920 

.0000003 

0.760 

0.930  

0.770 

0.940 

0000002 

0.780 

0.950 

0000002 

0.790 

0.960 

.0000002 

XV.  APPLICABILITY  AND  ACCURACY  OF  THE  EXPANSION 
TABLES  OF  CIRCULAR  NO.  57 

The  expansion  tables  contained  in  Circular  No.  57  are  applica- 
ble to  all  petroleum  oils,  both  crude  and  refined,  produced  in  the 
United  States,  that  are  of  sufficient  fluidity  at  ordinary  teihper- 
atures  to  allow  their  specific  gravities  to  be  determined  by  means 
of  the  hydrometer. 

The  accuracy  with  which  the  tables  give  the  change  of  specific 
gravity  or  volume  of  any  particular  oil  is  dependent  directly  upon 
the  closeness  with  which  the  rate  of  expansion  of  that  particular 
oil  agrees  with  the  average  rate  of  expansion  on  which  the  tables 
are  based.     Examination  of  the  average  curve  and  the  closeness 
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with  which  the  individual  determinations  agree  with  it  indicate 
that  it  is  very  imhkely  that  the  change  of  specific  gra\'ity  per 
degree  centigrade  of  any  sample  of  oil  will  differ  from  the  aver- 
age change  for  oils  of  that  specific  gra\'ity  by  more  than  two 
units  of  the  fifth  decimal  place  (0.00002).  For  example,  the  aver- 
age change  of  specific  grax-ity  per  degree  centigrade  at  25°  C  for 
oils  having  a  specific  gra\aty  of  0.8000  is  0.00072,  and  it  is  very 
unlikely  that  any  sample  of  American  petroleum  oil  having  a  spe- 

cific  gravity  of  0.8000  at  -^  C  will  have  a  rate  of  change  less  than 

4 

0.00070  or  more  than  0.00074  P^''  degree  at  25°  C. 

Let  it  be  supposed  that  the  rate  of  expansion  of  some  particu- 
lar oil  differs  from  the  average  rate  by  this  maximum  amount, 
then  the  specific-gra\nty  value  calculated  from  the  average  rate 
of  expansion  will  be  in  error  for  this  particular  oil  by  0.00002  per 
degree  centigrade,  and  if  the  reduction  is  made  over  a  tempera- 
ture range  of  10°  C  the  error  in  the  reduced  specific  gravity 
caused  by  the  error  in  the  assumed  rate  of  expansion  will  amount 
to  two  miits  in  the  fourth  decimal  place. 

On  account  of  the  variation  in  the  rate  of  expansion  of  different 
oils  of  the  same  density  it  has  been  deemed  advisable  to  carry 
the  expansion  tables  only  to  the  nearest  five  tmits  of  the  fourth 
decimal  place  over  a  temperature  range  of  about  10°  C  on  each 
side  of  the  standard  temperattue,  and  to  the  nearest  unit  in  the 
third  decimal  place  outside  of  this  range.  By  thus  arbitrarily 
limiting  the  implied  accuracy  of  the  tables,  it  is  beUeved  that  the 
slight  variations  that  occin  between  different  samples  of  the  same 
density  need  not  be  considered.  In  commercial  measinements  of 
petroleum  oils  density  or  specific-gravity  determinations  are 
seldom  made  with  greater  accuracy  than  one  unit  of  the  third 
decimal  place  (o.ooi),  and  it  is  therefore  unnecessary  to  carry 
conunercial  oil  tables  beyond  that  point. 

It  is  quite  possible  that  further  work  on  American  petroleums, 
with  greater  imiformity  in  the  methods  of  examination,  and 
especially  in  the  time  of  examination  after  the  collection  of  the 
samples,  may  make  it  possible  to  classify  the  oils  from  different 
localities  and  to  take  into  accoimt  the  slight  differences  that  have 
not  been  considered  in  the  calculation  of  the  tables  of  Circular  57. 
It  may  then  be  possible  and  desirable  to  separate  the  oils  into 
groups,  and  for  each  group  to  construct  a  table  that  will  be  more 
exact  for  that  group  than  are  the  general  tables  of  Circular  57. 
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It  may,  for  example,  be  fomid  desirable  to  have  different  tables 
for  Pemisylvania  and  for  California  oils,  as  it  is  generally  believed 
that  California  oils  have  a  much  higher  rate  of  expansion  than  do 
central  or  eastern  oils.  The  present  investigation  has  not  shown 
any  great  difference,  though  the  California  oils  have  shown  a 
slightly  higher  rate  of  expansion. 

1.  SOURCES  OF  ERROR 

The  errors  entering  into  density  determinations  made  by  the 
methods  described  in  this  paper  are  of  two  kinds,  namely,  (o) 
errors  in  weighing;  (h)  errors  in  temperature  measurement. 

In  the  work  herein  reported  the  magnitude  of  these  errors  is,  in 
general,  such  as  to  produce  errors  of  not  more  than  from  two  to 
four  units  in  the  fifth  decimal  place  of  the  determined  densities  of 
the  oil  samples.  It  is  very  unlikely  that  any  of  the  density  deter- 
minations are  in  error  by  more  than  five  units  in  the  fifth  decimal 
place. 

The  density  determinations  were  usually  made  over  a  tempera- 
ture interval  of  10°  C,  and  it  is  therefore  apparent  that  the  result- 
ing error  in  the  rate  of  change  of  density  with  change  of  tempera- 
ture can  not  well  be  more  than  o.ooooi  per  degree  centigrade, 
even  if  both  density  determinations  are  in  error  by  the  maximum 
amount  and  in  opposite  directions.  Since  the  errors  in  the  ob- 
served densities  are,  on  the  average,  as  likely  to  occur  in  one 
direction  as  in  the  other,  and  further,  since  the  observed  densities 
were  subjected  to  an  adjustment  by  the  method  of  least  squares, 
to  determine  the  most  probable  density  at  each  temperature,  it  is 
evident  that  the  final  errors  in  the  densities  and  in  the  rate  of 
change  of  density  with  change  of  temperature  can  not  be  very 
great. 

It  has  already  been  pointed  out  that  the  differences  occurring 
in  the  rate  of  expansion  of  two  oils  of  the  same  density  may  be  of 
the  order  of  two  units  of  the  fifth  decimal  place  per  degree  centi- 
grade, and  these  unavoidable  differences  are  sufficient  to  render 
insignificant  the  experimental  errors  in  the  density  determinations. 

It  is  evident,  therefore,  that  expansion  tables  based  on  the 
results  contained  in  this  paper  are  susceptible  of  an  accuracy  for 
all  petroleum  oils  well  within  the  demands  of  observations  that  are 
themselves  refiable  to  one  unit  in  the  third  decimal  place. 
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XVI.  RATE    OF    EXPANSION    OF    FUEL    OILS    AND    LUBRI- 
CATING OILS  OF  HIGH  TEMPERATURES 

The  Bureau  has  several  times  been  requested  to  furnish  infor- 
mation in  regard  to  the  rate  of  change  of  density  and  volume  of 
petroleum  oils  at  high  temperatures,  especially  in  connection 
with  the  calculation  of  volume  of  fuel  oil  at  the  standard  tem- 
perature of  60°  F,  from  its  volume  measm'ed  at  relatively  liigh 
temperatures  when  fresh  from  the  topping  plant.  The  informa- 
tion is  also  desired  for  use  in  the  stillroom,  where  specific-graxdty 
determinations  of  the  different  cuts  must  be  made  with  as  little 
delay  as  possible.  It  was  therefore  thought  advisable  to  make 
density  determinations  on  certain  of  the  oil  samples  at  tempera- 
tures considerably  hjgher  than  50°  C,  the  upper  temperature  limit 
of  the  greater  part  of  the  investigation.  Accordingly,  determina- 
tions were  made  on  several  samples  at  temperatui-es  up  to  95°  C. 

From  the  results  shown  in  Table  9,  it  will  be  seen  that  on  cer- 
tain samples  the  rate  of  change  of  density  is  practically  the  same 
at  all  temperatures  between  25°  and  95°  C,  while  on  other  samples 
there  is  a  marked  falling  off  in  the  rate  of  expansion  at  the  higher 
temperatures.  This  falling  off  is  usually  attributed  to  the  melting 
of  particles  of  paraffin,  petrolatum,  or  other  material  that  is  solid 
at  the  lower  temperatures  and  which  gradually  becomes  liquid  at 
the  high  temperatures. 

The  arrangement  of  the  molecules  of  the  liquid  and  the  solid 
particles  appears  to  be  such  as  to  prevent  the  same  closeness  of 
packing  at  the  low  temperatiires  that  exists  at  the  higher  tem- 
peratures at  which  the  solid  particles  have  themselves  become 
liquid.  This  arrangement  has  the  effect  of  gi\ang  such  a  mixture 
an  abnormally  high  rate  of  expansion  at  temperatiures  below  the 
point  of  solidification  of  the  particles. 

In  order  to  try  the  effect  of  dissolved  paraffin  on  the  rate  of 
expansion  of  oil,  density  measurements  were  made  on  a  sample 
of  automobile  cylinder  oil  not  containing  paraffin,  and  then  a 
known  amount  of  paraffin  was  dissolved  in  the  oil  and  the  rate  of 
change  of  density  again  measured.     The  results  are  shown  below: 

TABLE  12         • 


I 


Change  of  density  per  degree  centigrade 

19°  to  25° 

25°  to  50° 

50°  to  75° 

75°  to  95° 

0.00063 
.00072 

0.00063 
.00063 

0.00063 
.00064 

0.00063 

.00063 
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It  is  seen  that  the  dissolved  paraffin  caused  a  marked  increase 
in  the  rate  of  expansion  between  19°  and  25°  C,  while  at  the  higher 
temperatures  the  rate  was  not  materially  changed. 

It  is  probable  that  if  measurements  had  been  made  at  lower 
temperatiu-es  a  still  further  increase  in  the  rate  of  expansion 
would  have  been  found,  but  conditions  were  such  that  at  that 
time  the  measurements  could  not  conveniently  be  carried  lower. 
The  sample  was,  however,  placed  in  a  glass  tube  and  packed  in 
an  ice  bath  and  its  appearance  noted  as  its  temperature  was 
lowered.  At  temperatures  above  25°  C  the  oil  was  as  clear  as 
before  the  paraffin  was  added;  at  about  20°  C  it  became  some- 
what cloudy;  and  at  15°  C  it  was  very  cloudy  or  opaque,  with 
a  characteristic  flaky  appearance.  At  still  lower  temperatures  it 
became  practically  a  solid  vaseline-like  mass  with  very  pro- 
nounced irregular  fractures  and  transverse  fissures. 

The  behavior  of  the  above  sample  was  very  similar  to  that  of 
certain  other  samples  previously  examined,  in  which  abnormally 
high  rates  of  expansion  were  found  at  the  lower  temperatures, 
and  this  would  seem  to  indicate  that  their  high  rate  of  expansion 
was  also  due  to  the  presence  of  dissolved  substances  that  became 
solid  at  low  temperature. 

XVII.  COMPARISON  OF    RESULTS  WITH  PREVIOUS  WORK 

The  results  presented  in  this  paper,  so  far  as  comparison  can 
be  made,  are  in  substantial  agreement  with  those  given  by  D. 
Holde  in  his  book  entitled  "Examination  of  hydrocarbon  oils," 
and  that  of  other  experimenters;  for  example,  Hans  Hofer  and 
Augustus  H.  Gill. 

Since  the  direct  object  of  this  investigation  was  to  obtain  data 
from  which  to  calculate  expansion  tables  for  petroleum  oils,  the 
work  itself  can  perhaps  best  be  judged  by  a  consideration  of  these 
tables.  A  comparison  of  the  tables  (Circular  No  57,  this  Bureau) 
with  those  published  by  the  Kaiserlichen  Normal  Eichimgs  Kom- 
mission  (Germany)  in  1892  and  repubHshed  in  1906  shows  that 
when  reduced  to  the  same  basis  they  are  in  excellent  agreement 
throughout  their  entire  range.  Only  in  rare  instances  do  the 
reduced  specific  gravities  differ  by  more  than  one  unit  in  the  third 
decimal  place.  In  most  cases  the  two  tables  are  in  perfect  agree- 
ment or  differ  by  not  more  than  five  units  in  the  fourth  decimal 
place. 
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Another  table  that  is  used  to  some  extent  in  this  country  is  the 
Baumd  table  published  by  C.  J.  Tagliabue  in  his  Manual  for 
Inspectors  of  Coal  Oil.  It  is  interesting  to  compare  this  with 
the  new  table  prepared  by  this  Bureau.  (Table  2,  Circular  No. 
57.)  Such  a  comparison  shows  that  for  the  heavier  grades  of 
oil  the  agreement  between  the  two  tables  is  all  that  could  be 
wished.  For  example,  with  oils  ha\dng  observed  values  of  20°, 
30°,  and  40°  Baumd  at  various  temperatvires,  the  two  tables  give 
the  foUowing  values  for  the  degrees  Baum6  at  60°  F. : 

TABLE  :3 

[A—  Data  In  tbia  column  from  Bureau  ol  Standards  Circular  No.  57,  Table  2.    B= Data  in  this  column  from 
Tagliabue's  Manual  for  Inspectors  of  Coal  Oil,  Stli  ed.] 


Observed  values, 
20°  Bi. 

Observed  values, 
30°  B*. 

Observed  values, 
40°  B*. 

Observed  temperature,  "F 

Degrees  Batund  at 

60°  F 

Degrees  BaumS  at 
60°  F 

Degrees  Baumfi  at 
60"  F 

A 

B 

A 

B 

A 

B 

30 

21.7 
21.2 
20.6 
20.0 
19.4 
18.9 
18.3 
17.8 
17.2 

21.8 
21.1 
20.5 
20.0 
19.4 
18.9 
18.4 
17.8 
0  17.3 

32.0 
31.4 
30.7 
30.0 
29.3 
28.7 
28.0 
27.4 
26.8 

32.2 
31.4 
30.7 
30.0 
29.3 
28.6 
28.0 
27.3 
0  26.7 

42.4 
41.6 
40.8 
40.0 
39.2 
38.5 
37.7 
37.0 
36.3 

42.S 

40 

41.6 

50 

40.8 

eo 

40.0 

70. 

39.2 

80 

38.4 

90 

37.6 

100    .                    

36.8 

110 

<>36.1 

"  Extrapolated  from  109°  F. 


For  the  lighter  oils,  however,  the  agreement  between  the  two 
tables  is  by  no  means  as  good  as  for  the  heavier  oils.  A  compari- 
son of  70°,  80°,  and  90°  Baum^  is  given  in  Table  14. 
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TABLE  14 


(A— Data  In  this  column  {lom  Bureau  of  Standards  Circular  Mo.  57,  Table  2.    B<=Data  In  tbla  column 
from  Tagliabue's  Manual  for  Inspectors  of  Coal  OU,  Stli  ed.] 


Observed  values, 
70°  B6. 

Observed  values, 
80°  B£. 

Observed  values, 
90°  B6. 

Observed  temperature,  °F 

Degrees  Baum6  at 

60°  F 

Degrees  Baum€  at 

60°  F 

Degrees  Baum6  at 

60°  F 

A 

B 

A 

B 

A 

B 

30 

74.3 
72.8 
71.4 
70.0 
68.6 
67.4 
66.1 
64.9 
63.6 

74.3 
72.7 
71.3 
70.0 
68.7 
67.5 
66.3 
65.1 
"64.0 

85.0 
83.2 
81.6 
80.0 
78.4 
76.9 
75.5 
74.0 
72.5 

84.6 
83.0 
81.5 

80.0 
78.5 
77.1 
75.7 
74.4 
"73.2 

95.7 
93.8 
91.9 
90.0 
88.3 
86.5 
84.8 
83.1 
81.5 

<0  .             

93  2 

So, 

60                          ... 

90  Q 

70 

88  4 

80 

90 

85  6 

100 

M»...             .... 

o82  8 

"  Extrapolated  from  109*  F. 

It  will  be  seen  from  the  above  that  some  of  the  values  of  the 
degrees  Baimid  at  60°  F,  as  given  in  Tagliabue's  manual,  fail  to 
agree  with  those  based  on  this  investigation  by  more  than  1°  Bd. 
It  should  also  be  noted  that  the  Baum^  hydrometers  made  by  Tagli- 
abue  for  petroleum  oils  are  not  based  on  the  modulus  1 40  adopted 
by  other  manufacturers  and  in  general  use  in  the  United  States, 
and  as  a  result  they  read  too  high  by  varying  amounts  up  to 
about  0.9°  B6.  for  a  90°  B^.  oil.  That  being  the  case,  if  a  Tagliabue 
Baum.6  hydrometer  is  used  in  a  light  petroleum  oil  at  a  high 
temperature,  and  Tagliabue's  table  is  used  for  reducing  the 
observed  value  to  the  standard  temperature  of  60°  F,  the  final 
result  may  be  in  error  by  more  than  2°  B^.,  as  compared  with  a 
correct  American  standard  Baum^  hydrometer  used  in  connection 
with  the  oil  tables  of  this  Bureau.     (Circular  No.  57.) 


XVIII.  CONCLUSION 

In  conclusion,  the  authors  would  state  that  while  the  results  of 
the  investigation  here  reported  are  considered  adequate  as  the 
basis  of  petroletmi-oil  tables  for  ordinary  commercial  use,  it  is 
very  desirable  that  the  work  be  continued  in  order  that  the  small 
differences  in  the  rate  of  expansion  of  oils  of  the  same  density,  but 
from  different  oil  fields,  may  be  further  studied.  It  is  very 
probable  that  fvirther  investigation   would  render  possible  the 
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calculation  of  expansion  tables  that  would  be  somewhat  more 
accurate  for  the  oils  of  any  given  locality  than  are  the  general 
tables  based  on  the  average  results  herein  reported. 

Other  considerations  than  the  need  for  reliable  expansion  tables 
also  make  it  important  that  our  knowledge  of  the  physical  prop- 
erties of  oils  be  further  extended,  and  for  that  purpose  a  compre- 
hensive and  thorough  investigation  should  be  carried  out.  It  is 
beheved  that  samples  of  crude  petroleum  should  be  obtained 
from  all  the  important  oil  fields  of  the  world  and  the  processes  of 
refining  carried  out  in  the  laboratory  on  a  sufficiently  large  scale 
to  closely  approximate  conditions  and  results  of  the  commercial 
refineries. 

Lubricating  oils  especially  are  in  great  need  of  further  study 
in  order  that  the  interrelation  of  their  measurable  characteristics 
may  be  determined.  Only  by  a  systematic  study  of  the  properties 
of  oils  and  their  relation  to  each  other  will  it  become  possible 
to  make  "specifications"  for  lubricating  oils  that  will  be  sus- 
ceptible of  interpretation  or  enforcement,  or  to  discover  the 
fundamental  nature  of  the  material. 

Washington,  March  ii,  191 6. 
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Fig.  2.  —  Thin  section  oj  duakium  silicate  examined  u-ith  crossed  imols 

Note  the  irregular  outline  of  the  grains,  also  the  brilliant  interlerence  colors.  In  the  case 
of  the  tricalcium  silicate  those  grains  not  in  extinction  (appearing  black)  would  be  white  to 
yellowish  gray.     Compare  with  Fig.  6  where  the  same  section  is  shown  in  black  and  white. 

(Xli.D.) 


Fig.  i.  —  Thin  section  of  dicakium  silicate,  containing  approximately  i  per 
cent  AI2O3  {burn  35),  examined  with  crossed  nicols 

hfote  the  distinct  outline  of  grains,  cemented  together  by  SCaO.AUOa  which  appears 
black.  Compare  with  Fig.  2.  bearing  in  mind  the  difference  in  Al-Oj  content ;  also  compare 
with  Fig.  7  where  this  is  shown  in  black  and  white.     (X90.) 
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Fig.  4.  —  TV??//  section  of  burn  JS  eA.afHined  with  crossed  nicols 

Shows  some  large-grained  SCaO.SiOj  (appearing  gray)  at  the  one  side  of  the  section  on 
the  edge  of  a  void  (appearing  black).  The  remainder  of  the  section  is  very  fine-grained 
2CaO.Si02,  readily  distinguished  from  theSCaO.SiOa  by  the  color.  This  segregation  of 
^CaO.SiOa  is  very  frequently  noted  in  commercial  Portland  cement  clinker  Compare  with 
Fig.  8.  where  the  same  is  shown  in  black  and  white.     (X  190.) 
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Fig.  5. —  T/uN  section  of  a  one-year  bricjuetie  of  2CaO.StO  • 

Shows  a  void  partially  filled  with  CatOH) 3,  extending  almost  entirely  across  the  field. 
The  completely  hydrated  silicate  appears  black,  the  uuhydrated  or  partially  hydrated  appears 
iu  yellow  and  brown  irregular  grains  throughout  the  field.  Compare  with  Fig.  15,  where 
the  same  is  shown  in  black  and  white.     (X  90.) 
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I.  INTRODUCTION 

As  it  has  been  shown  within  a  comparatively  few  years  '  that 
the  main  constituents  of  Portland  cement  of  normal  composi- 
tion and  normal  burning  are  tricalcium  aluminate  (3CaO.Al303), 
tricalcium  siUcate  (3CaO.Si02),  and  the  beta  form  of  dicalcium 
silicate  (2CaO.Si02),  it  becomes  a  matter  of  considerable  im- 
portance to  study  the  physical  properties  of  these  compounds, 
alone  and  mixed  in  various  proportions.  Of  the  various  physical 
properties  usually  demanded  of  hydraulic  cements,  those  of 
special  importance  are  the  strength  developed  by  hardening  (or 
hydrating)  and  the  rate  of  acquiring  this  strength.  Conse- 
quently, in  the  present  investigation,   the  time  of  set;  tensile 

1  Preliminar>-  Report  on  the  Ternary  System.  CaO.  AI3O3.  SiOs.  A  Study  of  the  Constitution  of  Portland 
Cement  (Shepherd.  Rankin.and  Wright).  Jour.  Ind.  and  Eng.  Chemistry,  3,  pp.  211-227. 191 1;  The  Ternary 
System,  CaO.  AI3O3-  SiOs  (Rankin  and  Wright),  Amer.  Jour.  Science,  39,  January,  1915;  The  Constitution 
of  Portland  Cement  (Bates),  Concrete  and  Cement  Age  (Cement  Mill  Section),  2,  pp.  3-4,  1913;  The  Con- 
stitution of  Portland  Cement  Clinker  (Rankin),  Jour.  Ind.  and  En£.  Chem.,  7,  p.  466,  1915. 
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strength  in  the  form  of  neat  and  i :  3  standard  Ottawa  sand 
briquettes  at  the  end  of  24  hours,  7  days,  4,  13,  26,  and  52  weeks; 
and  the  amount  of  hydration  at  the  end  of  the  above-mentioned 
periods  were  determined  by  both  chemical  and  microscopic 
methods  on  the  above-mentioned  compounds  when  iised  alone, 
when  mixed  with  approximately  3  per  cent  plaster  of  Paris,  when 
mixed  with  one  another  in  about  the  proportion  in  which  they 
occur  in  normal  Portland  cement,  and  when  mixed  in  these 
same  proportions  with  the  addition  of  3  per  cent  plaster  of  Paris. 
There  was  also  a  short  series  of  burns  made  in  a  stack  furnace, 
wherein  the  silica,  lime,  and  alumina  were  burned  together  in 


I     -t 


ze 
AGEINWEEKS 


Fig.  I. — Tlie  percentage  of  water  of  hydration  of  the  burns  at  the  various  periods 

about  the  proportion  in  which  they  existed  in  the  above-men- 
tioned mixtures,  thus  obtaining  cements  in  which  the  com- 
ponents had  all  been  burned  together,  as  opposed  to  the  mixture 
when  they  had  only  been  ground  together. 

While  in  this  investigation  only  the  three  compounds  men- 
tioned were  used,  it  must  not  be  assumed  that  these  are  the 
only  hydraulic  compounds  which  can  result  from  either  the 
binary  or  ternary  combination  of  silica,  lime,  and  alumina. 
Preliminary^  work  in  the  laboratory  has  shown  that  in  this  sys- 
tem there  are  a  number  of  compounds  wliich  have  the  property 
of  hardening  to  strengths,  at  early  periods,  considerably  beyond 
the  strength  developed  by  Portland  cement,  but  as  these  do  not 
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occur  in  this  latter  material  and  as  this  paper  is  confined  to  those 
that  do  so  occur,  they  are  not  included. =  In  addition  to  the 
three  compounds  included  in  this  investigation,  there  are  four 
others  wliich  may  occur,  namely,  the  5:3  calcium  aluminate 
(5Ca0.3Al,03),  monocalcium  aluminate  (CaO.AljOs),  a  ternary 
compound  (2CaO.Al2O3.SiO2),  and  lime  (CaO).  These,  how- 
ever, occm-  only  in  cements  of  abnormal  composition  or  of  ab- 
normal burning,  and  are  consequently  not  considered. 

11.  METHOD  OF  PREPARATION  OF  COMPOUNDS 

The  difficulties  encountered  in  making  these  compounds  (es- 
pecially the  silicates)  in  small  quantities,  when  approximately 
pure,  were  so  great  that,  since  it  was  desired  to  obtain  as  much  as 
30  pounds  of  material,  it  was  deemed  advisable  to  discontinue 
the  attempts,  but,  on  the  other  hand,  to  work  toward  as  low  an 
amount  of  impurity  as  possible.  In  the  case  of  the  silicates, 
preliminary  work  showed  so  much  difficulty,  when  using  a  fairly 
piu-e  high-cakium  limestone  and  a  very  pure  grade  of  flint,  in 
obtaining  a  material  free  from  the  gamma  form  of  the  dicalcium 
silicate  that  a  search  was  made  for  a  "  miner aHzer  "  (or  so-called 
mineral  catalyzer)  which  would  bring  about  the  more  ready  forma- 
tion of  the  desired  silicate  without  that  disturbing  factor.  For 
this  purpose  the  use  of  alumina  was  prohibited,  since  it  was  very 
important  to  have  the  siUcates  as  free  from  this  as  possible,  be- 
cause it  has  been  found  to  affect  their  properties  to  a  marked 
degree  even  when  present  in  small  amounts. 

A  study  of  the  addition  of  small  amounts  of  the  oxides  of 
nickel,  vanadium,  molybdenum,  tin,  magnesium,  potassium, 
tungsten,  boron,  and  chromium  to  mixtures  of  silica  and  lime,  in 
the  molecular  proportion  of  one  of  the  former  to  two  of  the  latter, 
and  burning  the  mixture  at  a  temperature  of  1550°  C  for  one 
hour,  showed  that  reversion  to  the  gamma  form  of  the  dicalcium 
silicate  was  prevented  only  in  the  case  of  the  oxide  of  boron  and 
the  oxide  of  chromium,  tlie  former  being  used  in  the  form  of 
boracic  acid  and  the  latter  as  tlie  green  oxide.  These  substances 
in  amounts  of  less  than  i  per  cent  entirely  prevented  the  reversion 
of  mixtures  in  the  ratio  of  2  CaO  to  SiOj  to  the  gamma  form  with 
one  heating  for  an  hour  at  1550°  C.  Therefore,  in  this  investiga- 
tion two  burnings  of  the  dicalcium  silicate  were  made,  one  with  the 

2  This  statement  is  made  to  correct  a  too  common  impression  that  in  the  system  Silica-lime-almnina 
only  those  compomids  which  occur  in  Portland  cement  have  the  property  of  hardening  on  the  addition  of 
water.  The  preliminary  work  mentioned  above  on  all  the  compounds  of  this  system  is  being  continued 
on  a  larger  scale,  and  at  a  later  date  a  separate  paper,  covering  the  compoimds  not  included  in  this  paper, 
will  be  issued. 
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addition  of  the  boracic  acid  and  the  other  with  the  green  oxide 
of  chromium.  The  former  at  1550°  C  seemed  to  have  approached 
a  Uttle  more  closely  to  the  fusion  point  tlian  the  latter,  the  bmned 
material  being  a  hard  glistening  white  cellular  mass;  when  the 
oxide  of  chromium  was  used,  a  rather  soft  mottled-green  material 
was  obtained.  The  optical  examination  of  this  and  the  other 
bums  is  given  in  Table  i .     (See  also  Figs.  2  and  6.) 

In  preparing  the  tricalcium  silicate  much  more  difficulty  was 
encountered.  The  first  burnings  with  the  addition  of  either  the 
boracic  acid  or  chromium  oxide  produced  a  material  which  dusted 
on  cooling  to  gamma  dicalcium  silicate  and  free  lime.  A  second 
burning  of  the  dusted  material  gave  a  similar  result,  tliough  not 
to  quite  as  marked  a  degree.  The  material  was  then  reground 
and  rebumed.  The  reduction  in  the  amount  of  dusting  was  very 
marked,  and  on  grinding  the  material  and  adding  water  it  set  to 
a  mass  which  in  the  course  of  24  hours  expanded  to  disintegration. 
A  fourth  rebuming  of  the  same  material  gave  a  product  which 
dusted  but  slightly  and  showed  in  the  undusted  parts  considerable 
amounts  of  beta  dicalcium  silicate  and  free  lime,  also  an  appre- 
ciable amoimt  of  the  tricalcium  silicate.  This,  when  ground, 
hardened  witli  water  and  did  not  show  any  signs  of  disintegration 
within  24  hom-s.  It  was  rebitmed  a  fifth  time,  producing  a 
material  which  did  not  dust  and  was  largely  tricalcium  silicate, 
though  beta  dicalcium  silicate  and  free  lime  were  noted.  When 
ground,  it  hardened  on  the  addition  of  water,  and  when  subjected 
to  an  atmosphere  of  steam  for  four  hom-s  (at  the  end  of  24  hours 
after  gauging  witli  the  water)  it  showed  no  signs  of  disintegra- 
tion. It  was,  however,  rebumed  a  sixth  time,  the  resulting  prod- 
uct being  very  largely  tricalcium  silicate.  The  results  of  its 
optical  examination  are  shown  in  Table  i.  (See  also  Figs.  4 
and  8.) 

The  usual  trouble  of  making  tricalcium  aluminate  was  encoun- 
tered, namely,  the  use  of  too  high  a  temperatixre,  resulting  in  a 
product  which  was  5Ca0.3Al203  plus  free  lime.  The  tricalcium 
aluminate  is  not  stable  at  its  melting  point,  decomposing  as 
noted  above.  While  its  melting  point  is  known,  the  melting  point 
of  the  material  used,  which  contained  impurities,  was  not  known; 
consequenth^  while  a  temperature  about  50°  C  lower  tlian  the  melt- 
ing point  of  the  pure  compound  was  used,  it  was  still  too  high. 
On  regrinding  and  rebuming  at  a  temperature  of  about  1 350°  C  for 
several  hom-s,  a  very  satisfactory  compovmd  was  obtained,  as  can 
be  seen  in  Table  i .  from  the  results  of  the  optical  examination. 
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Fig.  6, — T/(t'  .fn»ie  section  as  figure  2  {sCaO.SiO.,  shoivn  with  crossed  iiicols) 
but  reproduced  in  black  and  white    {X(>o) 


Fig.  7. — The  same  section  as  fiqurc  j  {hunt  J^  shown  with  crossed  nicols)  but 
reprodticed  in  black  and  'white     (Xyo) 
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Fig.  8. — The  same  section  as  figure  4  {burn  3S  shown  with  crossed  nicoh)  but 
reproduced  in  black  and  white     {X190) 
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Fig.  9. — Thin  section  of  burn  36,  very  largely  3CaO.SiO^,  examined  with 

crossed  nicols 

If  reproduced  in  color  it  would  be  but  little  different  than  as  shown,  appearing  black,  if 
iu  the  position  of  extinction,  to  grayish  white.  Note  the  lack  of  definite  outline  when 
compared  with  bum  35  (2CaO.Si02  containing  about  the  same  amount  of  AlaOa). 
(X90.J 
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In  addition  to  the  above,  tliere  was  burned  a  dicalcium-silicate 
mixture  of  the  limestone  and  flint  to  which  approximately  i  per 
cent  of  alumina  and  one-quarter  per  cent  of  boracic  acid  were 
added.  These  two  additions  were  also  made  to  a  tricalcium- 
silicate  mixture  of  the  same  flint  as  used  above,  but  another  lime- 
stone which,  while  of  equal  purity  so  far  as  silica  and  alumina 
were  concerned,  contained  about  50  per  cent  more  magnesia. 
The  effect  of  these  additions  and  impvirities  was  very  marked  in 
permitting  the  ready  burning  of  a  satisfactory  product,  only  two 
burnings  being  necessary.  These  two  burnings  (hereinafter  re- 
ferred to  as  "35"  and  "36")  gave  a  dicalcium  and  a  tricalcium 
silicate,  respectively,  of  greater  impurity  than  the  two  first 
mentioned  and  were  made  for  the  purpose  of  determining  tlie 
effect  of  the  increased  alumina  on  the  properties  of  these  com- 
pounds.    (See  Figs.  3,  7,  and  9.) 

Three  further  burnings,  37,  38,  and  39,  were  also  made  of  mix- 
tures containing  silica,  lime,  and  alumina  in  such  proportions  as  to 
give  cements  corresponding  in  composition  to  that  obtained  by  the 
mechanical  grinding  together  of  the  three  pure  compounds. 
These  mechanical  mixtures  were  made,  first,  in  the  ratio  of  81 
parts  of  dicalcium  siHcate  to  19  tricalcium  aluminate,  gi\ing  a 
material  analyzing,  on  the  basis  of  pure  compounds,  28.3  per  cent 
SiOz,  7.2  per  cent  AI2O3,  and  64.5  per  cent  CaO;  second,  in  the 
ratio  of  81  parts  of  the  tricalcium  silicate  to  19  tricalcium  alumi- 
nate, giving  a  material  analyzing  21.3  per  cent  SiO,,  7.2  per  cent 
ALO3,  and  71.5  per  cent  CaO;  and  third,  in  the  ratio  of  40.5  tri- 
calcium silicate,  40.5  dicalcium  silicate,  and  19.0  tricalcium 
aluminate,  figures  which  correspond  to  24.8  per  cent  SiO,,  7.2  per 
cent  AI2O3,  and  68.0  per  cent  CaO.  The  first  of  the  above  would 
correspond  to  the  extreme  limit  in  a  high-silica,  low-lime,  Portland- 
cement  clinker;  the  second  to  a  low-silica,  high-lime  one,  and  the 
last  to  a  normal  clinker.^  The  last  three  biurnings  were  made  to 
determine  whether  it  was  possible  to  obtain  a  product  having  hard- 
ening and  other  physical  properties  similar  to  that  of  another 
product  of  like  composition,  but  obtained  by  the  mechanical  mix- 
ing of  the  constituents  after  their  separate  burning ;  in  other  words, 
to  find  if  it  be  possible  to  reproduce  any  cement,  in  which  the 
amount  of  the  various  constituents  had  been  determined,  by  the 
simple  grinding  together  of  these  constituents,  previously  sepa- 
rately burned,  in  the  proportion  in  which  they  were  found  to 
exist  in  the  cement. 

^  These  figures  refer  to  clinker  analyses  and  not  finished  cement  analyses,  which  would  show  also  the 
added  plaster,  absorbed  water,  and  carbon  dioxide. 
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III.  GRINDING  AND  MIXING  OF  THE  COMPOUNDS 

In  Table  2  is  shown  the  proportions  in  which  the  various  sepa- 
rately burned  constituents  were  mixed  together,  and  the  reference 
marks  by  which  the  cements  so  prepared  were  identified.  Here- 
after, in  order  to  condense  as  much  as  possible,  these  reference 
marks  will  be  used  when  referring  to  a  particular  mix,  instead  of 
giving  the  complete  composition  of  each.  Furthermore,  as  in  the 
case  of  the  burns  of  the  purer  compounds,  where  two  separate 
burns  were  made,  one  containing  boracic  acid  as  a  "mineraUzer" 
and  the  other  chromium  oxide,  so  here  also  there  were  two  classes 
of  mixtures  of  similar  composition  but  containing  the  different 
"mineralizer."  Those  made  from  the  burnings  in  which  boracic 
acid  was  used  will  be  referred  to  as  "white;"  those  in  which  the 
chromium  oxide  was  used  as  "green." 

The  mixing  was  done  in  a  porcelain  ball  mill,  using  only  a  few 
small  pebbles,  the  purpose  being  only  to  mix  and  not  to  grind, 
since  the  latter  operation  had  been  performed  on  each  burn  sepa- 
rately. While  possibly  this  method  did  not  give  as  intimate  a 
mixture  as  the  grinding  together  would  have  done,  yet  the  mixing 
in  this  manner  was  imdoubtedly  sufficiently  intimate  after  the 
mills  had  been  run  tliree  hours. 

The  grinding  of  the  burns  by  means  of  pebbles  in  a  porcelain 
mill  was  not  as  satisfactory  as  was  desired,  the  uniformity  of  fine- 
ness desired  for  each  not  having  been  obtained.  Whereas  a  prod- 
uct showing  a  fineness  of  about  80  per  cent  through  a  200-mesh 
sieve  was  wanted,  this  was  exceeded  in  too  many  cases,  owing 
largely  to  a  difference  in  the  degree  of  vitrification  of  the  material 
and  a  lack  of  experience  in  grinding  such  small  quantities  of 
material.     The  fineness  of  the  different  burns  were  as  follows: 


2CaO.Si02  (white) 
ZCaO.SiOa  (green) 
3CaO.SiOj  (white) 
3CaO.Si02  (gieen) 

3CaO.Al.O3 

35 

36 

37 

38 

39 
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IV.  TIME  OF  SET  OF  THE  MIXED  COMPOUNDS 

Possibly  of  as  much  importance  as  the  time  of  set  was  the 
nature  of  the  gauged  mass  when  kneaded  with  water,  especially 
in  regard  to  the  degree  of  plasticity  developed  and  the  relative 
amount  of  heat  evolved.  These  two  items  as  well  as  the  time  of 
set  and  amount  of  water  to  form  a  mass  of  normal  consistency 
(by  the  ball  method)  are  summarized  in  Table  4.  More  detail  than 
can  be  readily  placed  in  tabular  form  is  necessary  in  order  to 
clearly  understand  these  various  phenomena,  consequently  each 
of  the  compounds  will  be  discussed  at  some  length  separately  as 
to  the  immediate  effect  produced  upon  them  by  kneading  with 
water  alcrtie  and  when  mixed  together  in  the  various  proportions 
mentioned  before. 

1.  TRICALCIOM  ALUMINATE 

This  compound  can  not  be  kneaded  with  water  by  hand.  The 
addition  of  water  results  in  the  immediate  hydration,  accompanied 
by  the  evolution  of  so  much  heat  that  the  mass  boils.  The  reac- 
tion is  even  more  rapid,  and  apparently  as  much  heat  is  evolved 
as  in  the  case  of  the  hydration  of  normally  burned  quicklime.  In 
the  latter  case  there  is  not  much  likelihood  of  incomplete  hydra- 
tion, but  in  the  case  of  this  aluminate,  even  when  used  in  the 
powdered  form,  it  quickly  agglomerates  into  balls  which  hydrate 
on  the  exterior  to  hard  masses  which  prevent  the  penetration  of 
the  water  to  the  interior;  consequently,  large  masses  of  unhydrated 
material  are  present.  Therefore,  in  gauging  this  material  with 
water,  an  amount  of  water  equal  to  about  40  per  cent  of  the 
weight  of  the  compound  to  be  used  was  placed  in  a  mortar  and  the 
compound  added  gradually  accompanied  by  continued  grinding 
with  the  pestle.  About  one  minute  after  adding  all  of  the  com- 
pound it  was  necessary  to  add  about  10  per  cent  more  water  to 
reduce  the  mass  to  normal  consistency.  This  mass  was  even 
then  full  of  small  grains  of  material  hydrated  only  on  the  exterior. 

No  time  of  set  was  obtained.  Time-of-set  test  pieces,  when 
placed  in  the  damp  closet,  seemed  to  stiffen  considerably  in  the 
course  of  a  day,  enough  to  sustain  the  small  Gilmore  needle  at 
the  end  of  three  hours;  at  the  end  of  three  days  they  would 
sustain  the  large  Gilmore  needle,  but  if  then  examined  under  the 
sm-face  they  were  found  to  be  quite  soft,  so  that  the  entire  mass 
could  be  kneaded  in  the  hand  (without  any  further  addition  of 
water)  to  as  plastic  a  mass  as  it  was  at  first.  This  ability  of  the 
aluminate  to  work  up  into  a  plastic  mass,  at  the  end  of  long  periods 
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after  its  first  having  been  gauged  with  water,  is  very  striking; 
and  furthermore,  as  will  be  noted  later,  it  confers  this  property 
upon  the  cement  which  is  obtained  by  mixing  it  with  the  silicates. 
This  property  of  acquiring  plasticity,  to  a  certain  degree,  after 
acquiring  an  initial  set  has  been  frequently  *  noted  in  the  testing 
of  Portland  cement.  This  return  to  a  plastic  mass  will  take  place 
in  Portland  cements  of  normal  composition  which  do  not  contain 
much  of  the  tricalcium  silicate.  The  presence  of  this  latter  com- 
pound, which,  as  will  be  shown  later,  hydrates  rapidly,  would 
mask  this  phenomenon. 

The  addition  of  plaster  of  Paris  in  amounts  equal  to  3  or  lo 
per  cent  of  the  weight  did  not  make  any  marked  difference  in  the 
amount  of  heat  evolved  or  in  the  other  general  properties  of  this 
aluminate  which  result  when  it  is  mixed  with  water.  The  amount 
of  water  necessary  to  make  either  the  aluminate  alone  or  the 
aluminate  with  plaster  addition  workable  was  greatly  in  excess 
of  that  usually  required  by  cement.  Tliirty  per  cent  of  water, 
which  would  be  a  large  amount  for  a  normal  cement,  was  hardly 
sufficient  to  make  the  mass  appear  more  than  damp.  The  evo- 
lution of  heat  was  much  localized  in  such  a  case,  resulting  in  a 
very  high  temperature,  which  evaporated  a  considerable  amount 
of  the  water ;  the  use  of  50  per  cent  gave  a  much  more  uniformly 
wet  mass  and  one  that  could  be  molded. 

2.  DICALCIUM  SaiCATE 

The  kneading  of  the  dicalcium  silicate  with  water  produced  no 
more  plasticity  than  would  have  resulted  from  the  substitution 
of  ground  quartz  of  equal  fineness  for  the  silicate.  There  was  no 
appreciable  evolution  of  heat.  There  was  an  apparent  set  ob- 
tained, but  this  was  really  a  drying  out  and  could  hardly  be  called 
a  true  set  resulting  from  hydration.  WTien  the  plaster  had  been 
added  to  this  silicate  a  result  only  slightly  different  was  obtained ; 
possibly  more  plasticity  was  produced,  but  the  time  of  apparent 
set  was  not  changed. 

The  addition  of  tricalcium  aluminate  to  dicalcium  silicate  pro- 
duced quite  a  marked  change,  noticed  immediately  by  a  rapid 
and  strong  evolution  of  heat,  which  produced  an  initial  set  before 
the  test  pieces  could  be  molded.  Consequently,  the  initial  set 
noted  in  Table  4  is  the  initial  set  of  the  material  regauged  without 
the  addition  of  any  more  water.     An  initial  set  of  22  minutes  was 

*MeKenna,  Metallurgical  and  Cbem.  Eng..  Vol.  X,  No.  j,  p.  Sy,  Burchartz,  Eng.  Record.  1909.  p.  661; 
Garry,  Concrete  and  Constructional  Eng.,  1906.  p.  356;  Bates.  Trans.  Am.  Cer.  Society,  Vol.  XVI  (1914). 
p.  55»- 
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obtained  when  this  mixture  was  kneaded  for  one-half  a  minute 
and  immediately  made  into  a  test  piece,  but  longer  kneading 
reduced  tlie  initial  set  to  a  flash.  If  this  mass  after  the  flash  set, 
when  it  seemed  quite  hard,  was  kneaded  further,  it  was  reduced 
to  a  consistency  much  thinner  than  that  required  for  normal  con- 
sistency. Of  course  this  condition  was  brought  about  entirely  by 
the  presence  of  the  aluminate,  as  it  was  noted  very  markedly  in 
the  investigation  of  this  compound  alone,  but  was  lacking  entirely 
by  tlie  dicalcium  silicate.  There  was  also  a  marked  increase  in 
the  plasticity  and  lack  of  granularity  in  tlie  mortar  resulting  from 
the  mixture  of  these  two  compounds. 

The  addition  of  3  per  cent  of  plaster  to  the  mixture  of  dical- 
cium silicate  and  tricalcium  aluminate  produced  a  very  quick 
initial  and  final  set.  This  appeared  also  to  be  more  of  the  nature 
of  a  true  set,  and  not  due  to  a  drying  out  produced  by  excessive 
heat  evolution  but  rather  to  a  hardening  due  to  hydration.  The 
heat  evolved  was  less  than  when  plaster  was  not  used,  but  still 
marked  and  undoubtedly  was  sufficient  to  cause  the  early  final 
set  by  accelerating  the  chemical  process  of  hydration.  The 
mortar  was  also  marked  by  a  decided  increase  in  plasticity  and 
smoothness. 

The  mixes  in  which  dicalcium  silicate  was  the  only  silicate  pres- 
ent produced  pats  which  would  not  be  considered  sound  after  the 
steam  treatment.  There  was,  with  one  exception,  no  sign  of 
cracking  or  warping,  but  the  pat  gave  a  very  dull  ring.  One  pat 
was  disintegrated.  The  entire  behavior  of  the  pats  was  due, 
however,  to  lack  of  sufficient  strength  and  sufficient  density  to 
give  them  a  normal  appearance.  The  results  do  not  show  lack 
of  soundness  as  that  term  should  be  understood,  which  produces 
disintegration,  due  to  expansive  force  produced  by  the  hydration 
of  abnormal  constituents,  usually  free  lime. 

3.  TRICALCIUM  SILICATE 

This  compound  when  gauged  alone  with  water  had  all  the 
properties  of  normal  Portland  cement,  excepting  a  slightly  inferior 
plasticity.  When  it  contained  3  per  cent  of  plaster,  it  even  had 
the  plasticity  of  Portland  cement,  but  its  initial  set  was  consider- 
ably quicker.  The  addition  of  tricalcium  aluminate  produced  a 
very  plastic  mass,  which  also  gave  off  much  heat  and  produced  a 
very  quick  set;  plaster  reduced  the  heat  evolved  and  slowed  up 
the  initial  set.  The  mixture  of  the  silicate  and  the  aluminate 
showed,  but  to  a  very  slight  degree,  the  property  of  being  regaug- 
able  to  a  plastic  mass  after  the  initial  set  without  the  addition  of 
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water.  It  will  be  remembered  that  this  was  very  characteristic 
of  the  aluminate  alone  and  also  when  mixed  with  the  dicalcium 
silicate.  Apparently,  in  the  present  case,  the  hydration  of  tlie 
tricalcium  silicate  has  proceeded  to  such  an  extent  at  this  short 
period  that  such  regauging  is  impossible  unless  more  water  is 
added. 

The  mixture  of  the  two  silicates  resembled  Portland  cement 
after  gauging  with  water,  though  it  was  decidedly  more  sandy. 
The  addition  of  plaster  to  this  mixtiu-e  increased  tlie  plasticity 
and  again  decidedly  reduced  the  time  of  set.  The  addition  of  the 
tricalcium  aluminate  reduced  tlie  time  of  initial  set  to  a  flash  set 
and  also  reduced  the  final  set  somewhat  more  than  one-half  and 
was  accompanied  by  a  decided  evolution  of  heat;  it  also  made  a 
very  plastic  workable  mortar.  The  addition  of  aluminate  and 
plaster  reduced  the  heat  evolved  somewhat,  increased  the  time  of 
initial  set,  but  reduced  the  final  set  and  also  produced  a  very 
workable  plastic  mortar.  All  pats  were  very  hard  and  gave  a 
very  good  ring,  except  the  mixture  of  the  two  silicates  and  alumi- 
nate. Here,  again,  the  effect  of  the  aluminate  can  be  readily 
traced.  It  produced  a  flash  set,  accompanied  by  so  great  evolu- 
tion of  heat  that  the  final  set  was  really  a  drying  out.  Conse- 
quently, the  pat  had  not  hydrated  sufiiciently  in  24  hours  to  have 
density  enough  to  give  a  proper  ring. 

4.  BURNS  35  TO  39 

It  will  be  recalled  that  there  were  five  other  bums  used,  one  of 
which  was  of  the  composition  of  the  dicalcium  silicate  containing 
about  I  per  cent  alumina,  another  of  tlie  composition  of  tricalcium 
silicate  containing  i  per  cent  alumina,  and  the  other  three  approxi- 
mately of  the  composition  of  mixes  SA,  3SA,  and  3SSA.  A 
comparison  of  the  results  from  tliese  burns,  shown  in  Table  4, 
with  the  results  from  the  mixes  is  very  striking.  Thus,  note  the 
similarity  between  35  and  S,  35P  and  SP,  and  35AP  and  SAP. 
At  the  same  time  the  eS'ect  of  the  increased  alumiaa  in  35  is 
noticeable,  particularly  in  reducing  the  time  of  set.  Bum  36  and 
the  mixes  produced  from  it  show  very  clearly  its  relation  to  the 
tricalcium  silicate.  Burn  37,  approximating  3SA  in  its  compo- 
sition, exhibits  many  of  the  latter's  properties,  and  when  plaster 
is  added  to  it,  it  exhibits  the  same  results  as  were  obtained  by 
adding  plaster  to  3SA,  an  increase  in  the  time  of  initial  set  and 
but  slight  change  in  the  time  of  final  set.  Bum  38,  approximately 
SA  in  its  composition,  is  not  so  close  in  its  properties  as  would  be 
expected  from  the  other  similar  relations  shown.     This  is  due  to 
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the  nature  of  the  dicalcium  sihcate  and  tricalcium  ahiminate  when 
produced  in  the  same  burn;  they  do  not  show  tlie  distinctly 
granular  form  or  individuality  of  crystalization  that  characterizes 
the  presence  of  the  tricalcium  silicate.  They  are  invarialjly 
present  together  without  any  distinct  outline  and  fused  into  one 
another;  consequently,  after  grinding,  the  dicalcium  silicate, 
being  greatly  in  predominance  and  fused  around  the  aluminate, 
prevents  the  ready  access  of  water  to  the  latter  and  thereby 
increases  the  time  of  set  of  such  a  bum  as  38  over  that  shown  by 
such  a  mix  as  SA,  and  also  prevents  the  evolution  of  heat.  (It 
should  be  borne  in  mind  that  the  time  of  set  for  SA,  shown  in 
Table  4,  is  the  time  of  the  regauged  material.)  The  resemblance 
between  39  and  3SSA  is  more  marked,  but  again  the  effect  of  the 
dicalcium  silicate  in  the  burn  is  shown  by  its  preventing  the  quick 
hydration  of  the  aluminate  and  thereby  preventing  the  evolution 
of  heat. 

Before  concluding  under  the  general  topic  of  time  of  set  it 
would  be  well  to  summarize. 

1.  The  tricalcium  aluminate  hydrates  so  rapidly  and  with  an 
evolution  of  so  much  heat  that  it  can  not  be  made  into  test  pieces 
except  ^vith  large  quantities  of  water.  As  much  as  10  per  cent  of 
plaster  does  not  reduce  the  rapidity  of  this  reaction. 

2.  The  dicalcium  silicate  hydrates  so  very  slowly  that  a  true 
time  of  set  can  hardly  be  said  to  be  obtained.  It  does  hydrate 
and  does  set,  but  this  is  a  matter  of  days  and  not  hours,  and  con- 
sequently the  time  of  set,  as  now  determined,  can  not  be  said  to 
be  obtainable. 

3.  The  mixtures  of  dicalcium  silicate  and  tricalcium  aluminate 
have  the  properties  of  the  aluminate. 

4.  The  tricalcium  silicate  approaches  very  closely  Portland 
cement  of  normal  composition. 

5.  The  mixtures  of  the  tricalcium  silicate  and  dicalcium  silicate 
have  the  general  properties  of  the  former. 

6.  The  mixtures  of  tricalcium  silicate  and  tricalcium  alumjnate 
show  the  ability  of  the  former  to  materially  modify  the  properties 
of  the  latter. 

7.  Mixtiu-es  of  the  two  silicates  and  the  aluminates  show  the 
effect  of  the  presence  of  the  aluminate  more  markedly  than  any 
of  the  other  constituents. 

8.  Burns  (Nos.  35-39)  of  a  composition  approximately  that  of 
certain  mixes  (SA,  3SA,  3SSA,  etc.)  have  properties  of  a  most 
striking  resemblance  to  that  of  the  mixes. 
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V.  STRENGTH  OF  THE  TEST  PIECES 

Of  almost  equal  interest  to  tlie  actual  strengths  developed  was 
the  matter  of  the  nature  of  the  fracture  and  tlie  general  question 
of  denseness,  particularly  the  increase  of  denseness  at  any  period 
over  the  preceding  one;  all  of  these  factors  are  shown  condensed 
in  Table  5. 

This  table  gives  the  strength  of  all  test  pieces  broken.     The 

amounts  of  material  available,  unfortunately,  did  not  allow  of  the 

making  of  more  than  two  tensile  test  pieces  for  more  periods  than 

those  sho\^Ti,  and  while  these  are  not  as  concordant  as  wished, 

yet  the  results  do  show  the  general  properties  of  each  compound 

very  distinctly. 

1.  TRICALCIUM  ALUMINATE 

The  results  of  the  time  of  set  of  the  tricalcium  aluminate  show 
certain  properties  of  this  compound  which  are  corroborated  by 
the  strengths  developed  by  it.  It  did  not  have  the  property  of 
hardening  under  water ;  even  if  kept  in  the  air  for  a  year  and  tlien 
placed  in  water,  it  soon  crumbled  away.  The  addition  of  3  per 
cent  of  plaster  did  not  materially  change  it;  10  per  cent  gave  test 
pieces  which  had  practically  no  gain  in  strength,  but,  on  the  other 
hand,  showed  at  later  periods  signs  of  disintegration  in  the  form 
of  a  network  of  cracks  on  the  outside.  The  fracture  was  very 
granular  at  all  times,  with  no  evidence  of  crystallization  visible  to 
the  naked  eye.  The  specimen  containing  10  per  cent  of  plaster  and 
broken  at  the  expiration  of  one  year  showed  three  distinct  concentric 
zones.  The  outer  one,  about  one-sixteenth  of  an  inch  thick,  of  a 
very  friable  nature,  was  mainly  tlie  carbonation  product  following 
the  hj^dration.  The  next  zone,  of  a  thickness  about  equal  to  the 
outer  one,  was  distinctly  darker  in  color,  fairly  dense,  and  very  tough, 
and  was  marked  by  the  greatest  amount  of  crystallized  products, 
especially  needles  and  hexagonal  plates  of  hydrated  tricalcium 
aluminate,  a  marked  amount  of  gj'psum,  and  a  less  amoimt  of  small 
needles  of  tricalcium  sulphoaluminate  (3CaS04.3CaO.Al203  +  H2O) . 
The  rest  of  the  interior  of  the  briquettes  was  again  soft  and  was 
composed  mainly  of  tlie  amorphous  h5''drated  tricalcium  aluminate, 
though  tlie  crystallized  variety  of  this  compound  was  very  evident ; 
the  amount  of  gypsum  and  sulphoaluminate  in  it  was  distinctly 
less  than  in  the  second  tough  zone. 

2.  DICALCIUM  SILICATE 

The  dicalcium  silicate  is  the  compound  which  is  always  considered 
as  giving  the  late  strength  to  normal  Portland  cement,  but  just 
when  it  begins  to  hydrate  sufficiently  to  impart  more  strength  was 
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The  water  not  having  been  renewed,  soon  became  saturated  with  CaCOH):.  which  later 
deposited  on  the  briquette,  and  after  nine  months  appeared  as  shown.  These  crystals  are 
colorless,  as  is  seen  iu  several  cases  where  the  U^;ht  has  been  normal  to  their  surfaces; 
the  more  prominent  ones  are  milky  white,  owinu  to  air  occlusion.  Also  note  the 
crazing  on  the  surface  of  the  briquette.     (X2.25.) 


Fig.  II. — The  large  CaiOH).^  crystal  seen  in  the   left  center  of  figure  10, 
removed  and  photographed  with  a  black  background     {X20) 
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not  known.  Alone,  even  when  containing  as  much  leadily  hy- 
drating  material  (alumina)  as  shown  by  the  chemical  analysis,  it 
had  so  little  strength  at  the  period  when  Portland  cement  is  usually 
tested  that  it  is  almost  negligible,  even  though  it  is  the  major 
constituent.  Almost  one-third  of  the  test  pieces  were  lost  on 
attempting  to  remove  them  from  the  molds  at  the  end  of  48  hours ; 
at  the  end  of  7  days  they  could  be  crushed  readily  in  the  hand; 
at  the  end  of  2  weeks  one  test  piece  broke  at  69  pounds  and  another 
at  53 ;  no  attempt  was  made  to  break  any  at  4  weeks,  as  apparently 
thej'  had  hardened  but  little  since  the  2-week  period,  but  at  the 
end  of  1 3  weeks  they  had  attained  a  strength  of  slightly  over  500 
pounds.  They  showed  but  little  gain  in  strength  between  that 
period  and  i  year.  This  is  due  to  the  character  of  the  hydration, 
which  is  very  slow  and  furthermore  yields  a  product  that  is 
almost  entirely  amorphous,  coating  the  exterior  of  the  grains  and 
preventing  further  access  of  water.  The  test  pieces  were  very 
granular  even  at  i  year,  with  a  marked  lack  of  denseness,  and 
do  not  possess  a  stone-like  appearance;  this  structure  allows  the 
deposition  of  large  crystals  of  lime  hydrate.  (See  Figs.  5  and  10 
to  1 7.)  While  Klein  and  Phillips  ^  were  not  able  to  note  the  forma- 
tion of  these  crystals  in  the  hydration  of  the  dicalcium  silicate, 
they  have  since  noted  their  formation  on  microscopic  slides,  when 
the  amount  of  water  present  was  very  small  compared  with  the 
amount  of  material ;  but  when  repeating  their  previous  manipula- 
tion with  relatively  small  amounts  of  dicalcium  silicate  and  large 
amounts  of  water,  the  crystals  again  did  not  form.  This  former 
condition  is  fulfilled  in  the  case  of  a  test  piece.  These  crystals  are, 
however,  not  numerous,  but  are  of  a  size  to  be  easily  noted  by  the 
naked  eye  after  the  six-month  period. 

The  addition  of  either  plaster  or  tricalcium  aluminate  to  this 
compound  causes  a  slight  increase  in  strength  at  all  periods.  It 
was  even  possible  to  make  i :  3  mortar  specimens  and  to  be  able  to 
remove  them  from  the  molds  at  a  reasonably  early  period,  though 
there  was  but  little  increase  in  denseness;  but  when  plaster  and 
the  aluminate  were  added  at  the  same  time,  the  increase  of  dense- 
ness was  quite  evident,  especially  at  the  later  periods.  This  was 
accompanied,  however,  by  a  decrease  in  strength  (less  than  that 
shown  when  either  of  the  two  materials  was  used  alone  with  the 
silicate)  by  the  neat  test  pieces,  but  an  increase  was  shown  by  the 
sand  test  pieces. 

No  satisfactory  explanation  is  offered  of  this  difference  in  rela- 
tive strength  of  the  neat  and  mortar  test  pieces,  depending  upon 
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whether  the  aluminate  or  plaster  alone  or  these  two  together  have 
been  added  to  the  dicalcium  silicate.  All  the  test  pieces  show 
consistent  gain,  but  in  the  former  case  it  has  been  much  greater 
than  in  the  latter,  excepting  the  mortar  test  pieces,  where  the 
presence  of  the  plaster  and  aluminate  together  has  produced  a 
greater  gain.  While  the  neat  test  pieces  of  the  latter  mixture 
show  a  greater  denseness  at  the  one-year  period  than  any  of  the 
others,  j'et  it  is  difficult  to  see,  if  an  increase  in  this  characteristic 
accompanies  an  increase  in  strength,  why  it  should  not  affect  both 
the  neats  and  mortars  in  the  same  manner.  While  this  increase 
in  denseness  may  result  in  time  in  a  setting  up  of  strains,  causing 
low  strength,  such  can  not  be  the  case  here,  since  the  granular 
nature  of  the  test  pieces  is  still  too  pronounced  (see  Fig.  i8)  and 
also  since  the  production  of  internal  strains  would  hardly  allow 
of  increasing  strengths  such  as  shown. 

3.  TRICALCIUM  SILICATE 

The  part  of  the  tricalcium  silicate  in  adding  strength  to  normal 
Portland  cement  has  not  been  studied,  neither  has  its  effect  been 
a  matter  of  much  conjecture,  as  its  presence  has  not  been  known 
definitely  and  differentiated  from  the  tricalcium  aluminate  suffi- 
ciently long.  As  "alite"  it  has  been  assumed  to  give  the  early 
strengths,  but  "alite"  includes,  apparently,  both  the  tricalcium 
aluminate  and  the  tricalcium  silicate,  though  all  the  optical  data 
given  by  the  various  investigators  using  these  terms  are  too 
indefinite  to  enable  one  to  decide  just  what  compoimds  are 
included  under  this  name. 

This  compound  alone  had  all  the  properties  of  Portland  cement 
when  gauged  with  water,  either  as  a  neat  or  a  mortar  test  piece. 
The  addition  of  plaster  increased  the  early  strengths  somewhat, 
but  did  not  affect  the  later  ones ;  the  aluminate  when  added  to  this 
compound,  containing  the  oxide  of  chromium,  caused  a  decided 
decrease  in  strength,  but  acted  like  plaster  with  the  compound 
containing  the  boracic  acid.  (This  is  the  only  case  when  either 
the  dicalcium  or  tricalcium  silicate  containing  the  chromium  or 
boron  oxide  did  not  act  similarly.)  Plaster  and  the  aluminate 
together  also  gave  high  early  strengths.  The  addition  of  dical- 
cium silicate  to  the  tricalcium  silicate  caused  a  decided  decrease 
in  early  strength  with  a  ver}'  good  increase  later.  The  addition 
of  plaster  and  the  aluminate,  either  alone  or  together,  to  the 
mixture  of  the  two  silicates  increased  the  early  strengths  and, 
while  still  showing  good  gains  at  the  last  period,  still  they  had  not 
reached  the  limit  developed  by  the  silicate  mixture  alone. 
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Fig.  12 . — .-1  crack  hi  the  thin  section  of  the  one-year  briquette  of  jSS-4 ,  examined 
u'ith  crossed  nicols 

The  white  material  along  the  edge  o[  the  crack  is  CaCOH^.     ( X 165.) 


Fig.  13. — .1  crack  in  the  same  thin  section  from  uhich  Jiuure  rj   ivas  made, 
examined  uith  crossed  nicots 

The  white  material  along  the  edge  is  CaCOa.  A  nutnber  of  rounded  voids  are  seen 
to  the  left  of  the  crack.  These  contain  white  imperfectly  developed  needles  of 
sCaO.AkOj.XHiO  (hydrated  tricalcium  aluminate).    (  X 165.) 
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The  relative  denseness  of  the  test  pieces  at  different  periods  was 
very  interesting.  (See  Fig.  18-20.)  The  tricalcium  silicate  at  28 
days  was  almost  \ntreous  and  glistening  in  appearance.  The 
addition  of  any  material  but  the  plaster  decidedly  decreased  this 
denseness,  this  being  particularly  marked  at  the  early  periods. 
While  the  denseness  increased  with  age,  yet  the  test  pieces  made 
of  all  mixtures,  excepting  the  tricalcium  silicate  and  plaster,  did 
not  break  with  the  conchoidal  smooth  surface  of  the  former,  but 
either  with  a  rough  surface  as  when  the  dicalcium  silicate  was 
present  or  with  a  surface  of  a  large  number  of  smooth  intersecting 
faces  as  when  the  aluminate  was  present.     (See  Fig.  20.) 

4.  BURNS  35  TO  39 

The  burns  35  to  39,  as  under  time  of  set,  again  have  a  striking 
similarity  to  the  mixtures  which  they  approximate.  The  very 
low  strengths  of  35  and  38,  which  approximate  the  dicalcium 
silicate  or  its  mixtures,  are  striking  when  the  strengths  of  the 
latter  are  referred  to.  The  addition  of  plaster  to  both  of  these 
burns,  or  aluminate  to  35,  has  acted  very  much  as  the  addition  of 
these  to  the  dicalcium  silicate.  The  resemblance  of  36  and  37  to 
the  tricalcium  silicate  and  its  mixtures  is  just  as  striking. 

Summarizing  this  discussion  of  the  strengths  of  the  individual 
compounds  or  their  mixtures,  it  is  quite  evident  that  the  dicalcium 
silicate  adds  but  little  to  the  strength  of  the  mixture  until  after 
28  days;  that  the  tricalcium  silicate  has  attained  the  greater  part 
of  its  strength  in  7  days;  that  the  addition  of  plaster  causes 
an  increased  early  strength;  and  that  the  aluminate,  without  the 
presence  of  plaster,  instead  of  adding  strength  decreases  it. 

VI.  RATE  OF  HYDRATION 

In  order  to  correlate  the  strength  developed  by  the  various 
compounds  with  the  rate  of  hydration,  one  of  the  test  pieces  for 
each  period,  after  breaking  and  having  had  its  surfaces  quickly 
removed  on  an  emery  wheel,  was  crushed  into  small  pieces  and 
dried  a  little  below  100°  until  it  was  sufficiently  dry  to  allow  of 
fuitlier  grinding  in  a  mortar  without  caking.  The  material,  then 
ground  until  all  passed  a  loo-mesh  sieve,  was  dried  at  102°  until, 
after  two  horu-s  heating,  it  would  not  show  more  than  one-tenth 
of  I  per  cent  loss  in  weight.  The  ignition  loss  over  a  blast  lamp 
and  the  amount  of  carbon  dioxide  were  then  determined  on  the 
sample  thus  prepared,  the  results  being  shown  in  Table  6  and 
Fig.  I ,  the  ignition  loss  including  the  carbon  dioxide. 
47222°— 17 3 
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These  results  are  open  to  some  criticism.  The  products  of 
hydration  are  such  that  the}^  lose  water  of  hydration  below  the 
temperature  at  which  they  were  dried.  The  gA'psum  resulting  from 
the  hydration  of  tlie  plaster  of  Paris  and  the  tricalcium  sulpho- 
aluminate  resulting  from  the  hydration  of  the  aluminate  and  the 
plaster  of  Paris  are  of  this  nature,  as  is  also  possibly  the  hydrated 
tricalcium  aluminate;  the  hydrated  silicates,  which  are  largely  of 
a  gelatinous  or  colloidal  nature,  also  undoubtedl}'  lose  water 
slowl}-.  But  even  imder  these  adverse  conditions  the  results 
tmdoubtedly  show  the  relative  amoimts  of  hydration  of  the  various 
compounds,  and  they  also  show  verj'  strikingly  the  difference  in 
the  rate  of  hydration  of  each  and  how  this  is  affected  by  the 
presence  of  a  second  or  third  compound,  as  in  the  mixtures. 

Taking  first  the  question  of  the  addition  of  plaster  to  any  of  the 
compounds  or  their  mixtiires,  it  is  noted  that  this  addition  has 
produced  but  a  slight  change ;  further,  it  is  noted  that  this  slight 
change  is  most  marked  at  the  early  periods.  This  agrees  entirely 
with  the  strengtli  results,  where  it  was  noted  that  the  most  marked 
effect  of  the  addition  of  plaster  was  a  slight  increase  at  the  early 
periods. 

Next  considering  the  individual  compounds,  the  great  difference 
which  was  sho^vn  between  these  in  the  rate  and  amount  of  develop- 
ment of  strength  is  even  as  clearly  shown  in  the  rate  and  amount 
of  hydration  at  different  periods.  The  aluminate  was  so  clearly 
unevenly  hydrated  that  it  was  not  deemed  advisable  to  waste 
much  time  in  determining  the  amount  of  water  at  the  various 
periods,  but  such  determinations  as  were  made  clearly  show  that 
the  compound  hydrates  almost  immediately  and  rather  com- 
pletelv.  This  hydration,  as  is  common  with  most  compounds 
hydrating  so  quickly  and  with  such  a  rise  of  temperature,  did  not 
result  in  the  development  of  strength.  The  dicalcium  silicate  at 
the  end  of  one  year  had  less  than  6  per  cent  of  water  of  hydration, 
and  had  gained  only  about  i}^  per  cent  since  the  13  weeks  period. 
During  this  same  length  of  time  it  had  gained  but  little  in  strength. 
While  no  determination  of  the  amount  of  hydration  at  28  days 
was  made,  it  was  sho%\Ti  that  it  had  gained  nearly  all  of  its  strength 
between  28  days  and  13  weeks.  The  tricalcium  silicate  between 
the  24-hour  period  and  the  i-year  period  doubled  the  amoimt  of 
hydration,  but  between  the  28-day  period  and  the  i-year  period 
it  gained  only  about  15  per  cent;  it  had  also  gained  all  of  its 
strength  at  28  days — in  fact,  nearly  all  of  it  in  7  days. 

The  addition  of  the  aluminate  to  the  dicalcium  silicate  or 
mixtures  of  the  two  silicates  produced  apparently  a  ver)-  marked 
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Fig.  14. — .1  I'oid  in  a  thin  section  of  the  one-year  briquette  of  sCaO.SiO., 
The  void,  appearing  white,  apparently  empty,  extends  ahnost  entirely  across  the  field.    (X90.) 
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Fig.  15. — TJie  same  as  figure  i^,  but  examined  ivith  crossed  nicoU 

Shows  the  void,  all  but  one  end,  filled  with  Ca(OH)3.  It  also  shows  more  distinctly 
the  difference  between  the  hydrated  (black)  and  unhydrated  (white)  silicate.  Com- 
pare also  with  figure  5,  where  this  is  reproduced  in  its  true  color.    (X90.) 
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increase  in  the  amount  of  water  of  hydration  in  the  mixture  at 
all  periods;  but  taking  into  consideration  the  amount  of  each 
compound  present  and  its  water  of  hydration  as  determined  at 
any  period,  a  simple  calculation  will  show  how  much  water  of 
hydration  should  be  present  in  any  mixture  at  the  same  period. 
Such  a  calculation  shows  that  the  aluminate  has  not  produced  in 
any  chemical  or  physical-chemical  manner  a  very  marked  in- 
crease of  hydration  for  that  period  in  the  silicates.  Thus,  3SSA 
is  composed  of  40.5  per  cent  dicalcium  silicate,  the  same  amount 
of  tricalcium  silicate,  and  19  per  cent  tricalcium  aluminate;  this 
mixture,  made  from  the  silicates  containing  the  oxide  of  chro- 
mium, should  have  had  1.86,  4.53,  and  3.68  per  cent  water,  respec- 
tively, at  13  weeks  for  each  of  the  compounds  in  it,  or  a  total  of 
10.07  per  cent.  The  determination  made  on  the  mixture  at  that 
period  showed  10.97  P^r  cent.  A  similar  calculation  for  3SA 
gives  12.75  a^nd  13.83  per  cent  for  the  calculated  and  determined 
amounts,  respectively;  and  for  SA  7.38  and  8.62  per  cent,  respec- 
tively. At  the  later  periods  the  aluminate  has  not  increased 
the  hydration  any  more,  as  can  be  readily  seen  on  inspecting  the 
values  for  the  year  period. 

The  mixture  of  the  two  silicates  at  any  period  seems  to  contain 
a  little  more  water  of  hydration  than  it  should  have  according 
to  the  calculation.  It  would  appear,  therefore,  that  one  of  the 
silicates  had  produced  an  increased  hydration  in  the  other,  but 
this  amount  is  very  slight — but  little  more  in  amount  than  ap- 
peared, in  the  caise  of  the  addition  of  the  aluminate  to  mixtures, 
between  the  calculated  and  determined  values  of  the  hydration. 

When  the  results  showing  the  rate  of  hydration  of  burns  Nos. 
35  to  39  are  examined,  it  is  noted  that  they  follow  very  closely 
the  purer  compounds  and  the  mixes  made  therefrom.  Such 
might  not  appear  to  be  the  case,  when  the  results  of  No.  35  at 
one  year  (9.56  per  cent  water)  are  compared  with  the  results  of 
S  (5.50  per  cent  water)  for  the  same  period,  and  remembering  that 
No.  35  contained  only  about  1.2  per  cent  alumina,  being  a  dical- 
cium silicate  raw  mixture  burned  with  a  small  amount  of  alumina 
as  an  impurity  and  mineralizer ;  but  it  should  also  be  remembered 
that  the  result  of  this  burning  was  not  only  the  dicalcium  silicate, 
but  also  some  tricalcium  silicate.  Also  No.  36,  an  impure  tri- 
calcium siHcate  raw  mixture,  contains  some  dicalcium  silicate 
when  burned,  and  consequently  at  the  end  of  one  year  the  water 
of  hydration  as  determined  was  less  than  the  tricalcium  silicate 
3S.  The  addition  of  plaster  had  the  same  effect  on  the  burn  as 
on  the  pure  compound.  The  addition  of  more  aluminate  to  35 
and  36  has  not  increased  the  rate  of  hydration  of  either. 
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The  discussion  of  the  results  shown  in  Table  6,  in  connection 
with  the  results  shown  in  Table  5,  shows  how  the  rate  and  amount 
of  hydration  follows  the  rate  and  amount  of  development  of 
strength;  but  it  is  also  seen  in  a  large  number  of  cases  that,  while 
the  amount  of  hydration  is  increasing,  the  gain  of  strength  has 
reached  a  maximum.  This  is  especially  noticeable  in  the  case 
of  the  tricalcium  silicate  and  the  mixtures  in  which  it  forms  the 
greater  part.  During  its  hydration  a  large  amount  of  colloidal 
matter  is  formed  which,  with  continued  action  of  water,  absorbs 
an  increasing  amount  of  water  with  a  resulting  increasing  dense- 
ness  of  the  test  piece.  This  property  of  colloidal  matter  of  ab- 
sorbing very  large  amounts  of  water  in  a  comparatively  short 
time  undoubtedly  develops  to  a  marked  degree  the  strains  in  the 
test  pieces  produced  by  the  original  inability  to  make  these  uni- 
form. In  the  case  of  the  dicakium  silicate  much  less  colloidal 
matter  is  produced  by  its  hydration,  and  the  long-time  test  pieces 
show  marked  granularity  and  openness  of  structure ;  the  strength 
developed  by  this  compound  tend  to  show  an  increase  in  longer 
periods  over  those  developed  by  the  tricalcium  silicate. 

"^A^ile  the  microscopical  determination  of  the  rate  of  h}rdra- 
tion  showed  that  at  a  very  early  period  nearly  all  the  tricalcium 
silicate  had  hydrated,  yet  it  does  not  follow  that  this  hydration 
is  complete.  Microscopically,  the  compound  has  hydrated  when 
it  has  lost  its  optical  identity  but,  part  of  the  product  of  the 
hydration  being  colloidal,  this  latter  may  hydrate  further  (ab- 
sorb more  water)  over  very  long  periods.  It  may  in  fact  absorb 
so  much  that  it  will  lower  its  cementitious  qualities,  at  the  same 
time  expanding  very  greatly  in  volume,  as  can  be  very  readily 
sb-o\\Ti  by  shaking  up  cement,  either  fresh  or  ground  test  pieces, 
with  large  volumes  of  water  for  various  long  periods.  This  latter 
was  done  with  the  year-test  pieces  of  S  (green)  and  3S  (green), 
about  1 2  grams  of  tlie  ground  material  being  shaken  several  times 
in  the  course  of  a  day  for  one  month  with  200  cc  of  water.  The 
water  was  then  removed  and  after  drying  to  constant  weight  at 
102°  C  the  former  was  found  to  contain  6.7  per  cent  water  and  the 
latter  14.5  per  cent,  as  compared  with  approximately  5.3  per  cent 
and  1 1.3  per  cent  in  the  test  pieces.  With  this  increase  in  hydra- 
tion the  apparent  volume  increased  to  five  times  its  original  value. 

Hydrated  Portland  cement  as  a  binder  must  be  considered 
largely  as  an  inorganic  glue,  and  ftu-thermore  it  has  many  of  the 
properties  of  an  organic  glue;  in  other  words,  it  is  largely  a  re- 
versible colloid.  Fish  or  bone  glue  which  has  been  used  to 
cement  two  bodies  (as  two  pieces  of  wood)  together  will,  if  placed 
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is 

Fig.  i6. — .4  //ii'k  section  of  a  one-year  briquette  of  jSS 

This  is  a  void  which  shows  a  slight  indication  of  the  presence  of  transparent  colorless 
crystals.    (X165.) 
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Fig.  17. — The  same  as  figure  16  but  examined  with  crossed  nicols  and  show- 
ing the  void  almost  filled  with  Ca^OH)-,  crystals     (Xl6s) 
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in  water,  swell  to  such  an  extent  that  it  will  lose  all  its  adhesive 
properties;  if  allowed  to  dry  out,  it  will  reach  such  a  stage  that 
it  will  again  recover  all  its  cementitious  properties,  and  if  further 
dried  it  will  again  lose  this,  being  reduced  to  a  very  friable  material. 
Portland  cement  acts  in  a  somewhat  similar  '  maimer,  though 
ordinarily  this  can  not  be  followed  as  readily,  owing  to  the  char- 
acter of  the  materials  cemented  together.  These  are  invariably 
very  dense  and  do  not  allow  the  ready  access  of  moisture  to  the 
cement.  Also,  the  coUodial  matter  formed  from  the  cement  does 
not  allow  so  ready  a  passage  of  moisture;  but  the  increased  ab- 
sorption of  water  can  be  readily  followed  by  the  increased  dense- 
ness  of  neat  test  pieces,  as  noted  when  broken  after  various  lengths 
of  time  (see  Fig.  21),  and  the  increasing  loss  of  water  can  also 
be  as  readily  followed  by  drying  out  long-time  test  pieces,  in 
an  atmosphere  free  from  carbon  dioxide,  by  the  increase  in  dull- 
ness of  luster  and  chalkiness  in  the  hydrated  material. 

The  results  of  the  investigation  would  make  it  appear  as  if 
the  presence  of  alumina  was  undesirable;  thus,  it  has  not  improved 
the  strength  of  either  silicate,  neither  has  it  materially  increased 
tlieir  amount  of  hydration,  and  it  has  tended  to  produce  an  un- 
favorable quick  set.  The  presence  of  plaster  has  been  necessary 
to  offset  partly  these  undesirable  properties.  Undoubtedly  the 
question  of  the  presence  of  alumina  is  one  of  a  manufacturing 
necessity  more  than  anything  else.  It  is  necessary  as  a  flux 
in  the  burning  of  the  clinker;  without  it  the  manufacture  of  ce- 
ment, as  it  is  now  effected,  would  be  a  commercial  impossibility. 
The  tricalcium  silicate  with  all  its  desirable  properties  is  at  the 
present  not  a  manufacturing  possibility  from  an  economic  stand- 
point. The  dicalcium  silicate,  which  could  be  manufactured, 
could  not  be  used  on  account  of  its  very  slow  set.  Therefore,  by 
adding  alumina  to  a  raw  mix,  the  temperature  of  clinkering  is 
reduced  to  economic  commercial  possibilities,  and  by  decreasing 
the  lime  content  to  an  amount  approximately  halfway  between 
a  dicalcium  and  a  tricalcium  silicate,  a  clinker  is  obtained  which 
contains  both  the  tricalcium  and  the  dicalcium  silicates,  which 
are  really  necessary  for  both  early  and  later  strengths'.  Un- 
doubtedly commercial  Portland  cement,  when  produced  with 
very  low  alumina,  gives  very  unsatisfactory  results  at  early 
periods.  In  such  cases  the  reactions  have  proceeded  so  far  short 
of  completion  that  great  quantities  of  free  lime  are  present, 
which  necessarily  gives  poor  cement.  But  the  alumina  must  be 
considered  a  manufacturing  necessity  and  only  a  means  toward 
our  end;  in  itself  in  the  finished  cement  it  is  of  a  somewhat 
doubtful  value. 
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VII.  MICROSCOPIC    DETERMINATION    OF    THE    RATE    OF 

HYDRATION 

At  the  periods  at  which  test  pieces  \vere  broken  microscopic 
examination  was  made  of  the  broken  pieces  to  determine  the  rela- 
tive amount  and  kind  of  the  hydration  products.  Also  some  thin 
sections  of  the  test  pieces,  as  well  as  polished  surfaces  of  the  same, 
were  made  and  examined.  This  part  of  the  investigation  is  of 
value  more  for  the  determination  of  the  kind  of  the  hydration  prod- 
ucts and  the  effect  of  one  compound  on  another  in  the  mixtures 
than  for  obtaining  an  exact  idea  of  the  relative  amount  of  the  hydra- 
tion. "WTien  it  is  remembered  that  the  dicalcium  silicate  showed 
by  chemical  analysis  an  increase  of  only  1.25  per  cent  water  of 
hydration  between  13  weeks  and  i  year,  the  difficulties  of  com- 
paring microscopically  the  hydrated  products  of  the  two  periods 
can  be  appreciated.  A  description  of  the  hydration  compounds 
and  of  the  optical  constants  of  the  crystalline  hydration  com- 
pounds has  already  been  given  by  Klein  and  Phillips.  ° 

No  examination  of  the  briquettes  of  S,  SA,  or  SP  was  made 
before  the  13- weeks  period.  At  this  period  there  was  no  difference 
distinguishable  in  the  amount  of  hydration  of  the  dicalcium  sili- 
cate of  either  of  these  three  and,  fmlher,  by  far  the  major  portion 
of  it  was  unhydrated.  Crj'stals  of  lime  hydrate  were  noted;  the 
rest  of  the  products  of  hydration  were  amorphous,  except  that 
there  were  present  some  of  the  crystalline  variety  of  the  hydrated 
aluminate,  when  this  compound  was  present  in  the  mixture,  and 
gypsum  crystals  when  plaster  had  been  added.  The  only  differ- 
ence noted  at  the  later  periods  was  a  slight  increase  in  the  amount 
of  the  crystalline  variety  of  the  hydrated  aluminate. 

When  plaster  as  well  as  the  aluminate  had  been  added  to  the 
dicalcium  silicate,  the  crystalline  tricalcium  sulphoaluminate  was 
noted  at  the  first  period  at  which  briquettes  were  examined — four 
weeks.  The  crystals  were  very  minute  and  scattered  through  the 
amorphous  products  of  hydration.  The  aluminate  at  this  period 
was  practically  completely  hydrated  and  the  amount  of  the  crys- 
talline variety  of  the  hydrated  product  was  greater  than  when  the 
plaster  was  not  present  in  the  mixture  (SA) .  At  the  later  periods 
the  only  changes  noted  were  a  comparatively  slight  increase  in  the 
amount  of  amorphous  products  of  the  hydration  of  the  dicalcium 
silicate  and  an  increase  in  the  amount  of  crystalline  variety  of  the 
hydration  of  the  aluminate  at  the  expense  of  the  amorphous 
variety.  Lime  hydrate  crystals  were  noted  at  all  periods,  not 
many  in  number,  but  large  in  size  and  well  developed. 

'  Tech.  Paper  No.  43,  this  Buteau. 
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Fig.  iS. — Fractures  as  obtained  in  the  testing  tnachine  of  neat  briquettes 
broken  at  various  times 

Upper,  right,  one-day  briquette  of  ^S;  left,  seven-day  briquette  of  3S.  Lower,  right, 
one-year  briquette  of  S;  left,  one-year  briquette  of  5S.  Note  the  increased  den  sen  ess 
of  the  3S  briquette,  also  the  rate  at  which  this  denseness  has  increased,  at  seven  days 
being  almost  as  dense  as  at  one  year;  note  also  the  year  briquette  of  S,  which  compares 
favorably  with  jS  at  one  day  for  lack  of  denseness.     (X3.) 
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Fig.  19. — Fractures  obtained  in  breaking  some  of  the  briquettes  of  burns  JS 

and  j6 

Upper,  right,  burn  36.  one-day  briquette;  left,  burn  35,  one-day  briquette.  Lower,  right, 
bum  36.  si.'c  months;  left,  burn  35,  six  montiis.  Note  the  increased  denseness  at  the 
six  mouths' period.    (X3.) 
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The  tricalcium  aluminate  seemed  to  liydrate  a  little  more  rapidly 
when  increasing  amounts  of  plaster  were  present,  but  even  at  13 
weeks  with  10  per  cent  of  plaster  there  was  still  some  unhydrated 
aluminate.  (Note,  however,  the  difficulties  mentioned  previously 
in  gauging  this  compound  with  water.)  It  could  not  be  posi- 
tively stated  that  the  addition  of  the  plaster  caused  an  increased 
rate  of  the  transformation  of  tlie  amorphous  variety  of  the  com- 
pound to  the  crystalline,  this  transformation  depending  more  upon 
the  time  factor.  The  aluminate  test  pieces  at  one  year  showed 
complete  hydration,  the  product  being  largely  of  the  amorphous 
variety;  the  crystalline  variety  existed  as  hexagonal  needles  and 
plates  distributed  through  the  mass  (see  Fig.  1 3) ;  the  sulpho- 
aluminate  needles  occurred  in  the  same  manner  but  were  very 
minute. 

The  tricalcium  silicate  showed  at  the  end  of  24  hours  consider- 
able hydration  to  an  amorphous  mass  of  hydrated  silicate  and 
minute  crystals  of  lime  hydrate.  At  the  end  of  seven  days  the 
major  part  of  the  silicate  was  hydrated  to  the  same  products, 
while  at  tlie  end  of  four  weeks  but  little  unhydrated  compound 
remained.  From  this  period  on  ^here  was  but  little  change;  the 
silicate  appeared  always  amorphous  and  the  lime  hydrate  was 
distributed  in  very  minute,  poorly  formed  crystals  through  the 
mass.  The  latter  compound  did  not  show  as  good  a  develop- 
ment as  when  noted  under  conditions  where  its  growth  was  unim- 
peded, e.  g.,  when  on  surfaces  of  briquettes  or  on  microscopical 
hydration  slides.  Its  growth  was  hindered  by  the  simultaneous 
rapid  formation  of  amorphous  hydrated  silicate,  and  consequently 
it  was  noted  either  in  very  small  individual  crystals  or  in  radialites. 
The  former  were  for  the  most  part  allotriomorphic,  i.  e.,  they  did 
not  show  their  own  crystal  form.  The  radialites  were  small,  round, 
and  consisted  of  crystallites  radiating  from  a  common  center. 
With  plane  polarized  light  and  crossed  nicols  these  never  showed 
total  extinction.  Only  those  crystallites  were  in  extinction  whose 
optical  directions  were  parallel  to  the  vibration  directions  of  the 
nicols,  while  the  rest  of  the  spherulite  showed  interference  colors 
of  the  first  or  second  order.  In  cavities  within  the  briquettes  the 
development  of  calcium  hydroxide  crystals  was  unrestrained,  and 
fairly  large,  well-developed,  hexagonal  plates  were  noted. 

The  addition  of  plaster  had  produced  a  hardly  noticeable 
increased  hydration  of  the  silicate  at  the  end  of  24  hours;  after 
this  period  these  test  pieces  could  be  distinguished  from  those 
not  containing  plaster  only  by  the  presence  of  minute  gypsum 
crystals.     The  effect  of  the  addition  of  tricalcium  aluminate  to 
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tricalcium  silicate  was  similar  to  that  produced  by  the  addition  of 
plaster  to  the  compound ;  the  aluminate  in  this  mixture  hj-drated 
in  the  same  manner  as  it  did  by  itself,  though  it  did  go  over  to  the 
crystalline  ^-ariety  more  rapidly.  The  addition  of  both  aluminate 
and  plaster  to  this  silicate  produced  no  changes  not  already  noted, 
except  of  course  the  appearance  of  the  very  minute  sulpho- 
aluminate  crystals  scattered  through  the  amorphous  mass. 

The  mixture  of  dicalcium  silicate  and  tricalcium  silicate  (3SS) 
hydrated  as  did  the  indi\-idual  compounds;  the  former  showed 
the  first  marked  indication  of  hydration  at  four  weeks  and  the 
latter  showed  almost  complete  hydration  at  the  same  period. 
The  addition  of  aluminate  or  plaster,  or  both  of  these,  to  this 
siHcate  mixture  did  not  produce  any  effect  upon  the  products  of 
hydration  of  either  of  the  silicates,  and  in  tiurn  they  were  not 
very  materially  affected,  with  the  possible  exception  of  a  greater 
development  of  the  crj'stalline  variety  of  the  aluminate. 

The  examination  of  the  hydrated  burns  (Nos.  35  to  39)  showed 
the  same  general  course  of  reaction  as  in  the  compounds — almost 
complete  hydration  of  the  aluminate  at  the  end  of  24  horn's,  a 
very  rapid  hydration  of  the  tricalcium  silicate  almost  completed 
in  28  days,  and  the  very  slow  hydration  of  the  dicalcium  sili- 
cate— just  starting  at  28  days  and  very  incomplete  at  the  end  of 
I  A-ear.  The  lime  hydrate  appeared  in  much  larger  crystals  in  those 
test  pieces  that  were  high  in  ortho-silicate,  largely  because  these 
are  very  granular,  with  plenty  of  fair-sized  voids  in  which  they  can 
grow  unrestrained;  whereas  very  dense  test  pieces,  high  in  trical- 
cium silicate,  allowed  these  crystals  to  grow  more  rapidly  on 
account  of  the  greater  amount  of  lime  freed  by  hydration,  but 
caused  them  to  form  in  a  very  minute  form  scattered  through  the 
mass  of  the  amorphous  hj^drated  silicate.  The  addition  of 
plaster  to  these  burns  increased  the  hydration  of  the  dicalcium 
silicate  to  a  slight  extent,  this  being  particularly  noticeable  at 
the  2S-day  periods;  other  than  the  appearance  of  sulphoaluminate 
and  gypsum  crystals,  no  other  differences  were  noted.  The 
addition  of  aluminate  to  burns  35  and  36  produced  no  marked 
change  in  the  former,  but  in  the  latter  there  was  apparently  a 
much  greater  increase  in  the  amount  of  tricalcium  silicate  hydrated 
at  7  days  than  when  this  compound  was  not  present. 

Following  the  progress  of  the  hydration  by  the  microscope 
shows,  therefore,  that  the  dicalcium  silicate  does  not  start  hy- 
drating  to  any  marked  extent  before  28  days,  and  that  it  then 
forms  an  amorphous  hydrated  silicate  and  crystalline  lime  hydrate. 
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Fig.  20. — Fraciurcs  ohtai)ied  in  breaking  in  the  testing  machine  variotis 
briquettes  of  S  and  ^SA 

Upper,  right.  3SA  broken  at  one  year;  left.  3SA  broken  at  seven  days.  Lower,  right.  3S 
broken  at  one  year;  left.  3S  broken  at  seven  days.  Note  the  lack  of  evenness  of  the 
fracture  which  the  aluminate  produced  in  the  briquette,  and  also  the  large  number  of 
short,  rather  ^vide cracks.  Theseusually  contained  cr>'staUzedCa(OH)2.  (See  Fig.  12.) 
CX3.) 


Fig.  21. — Fractures  obtained  in  breaking  at  different  periods  neat  briquettes 
of  a  commercial  Portland  cement 

Upper,  right,  broken  at  one  day;  left,  broken  at  seven  days.  Lower,  right,  broken  at 
one  year;  left,  broken  at  four  weeks.  The  rate  of  decrease  of  sandiness  with  increase  of 
age  is  very  noticeable.    (Xj.) 
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The  latter  in  time  grows  to  large  crystals  (Figs.  10,  11,  14,  and  15), 
owing  to  the  very  slow  liberation  of  the  lime  and  because  the  lack 
of  denseness  of  the  test  pieces  provides  voids  in  which  it  can  grow 
unrestrained.  The  tricalcium  silicate  hydrates  almost  com- 
pletely in  28  days  to  an  amorphous  hydrated  siUcate  and  minute 
crystals  and  radialites  of  lime  hydrate  scattered  through  the 
mass  of  amorphous  material.  The  formation  of  the  fine  crystals 
in  place  of  large  crystals,  such  as  form  in  the  dicalcium  silicate, 
is  due  to  the  fact  that  the  conditions  accompanying  their  liberation 
and  formation  are  just  the  opposite  of  those  obtaining  in  the 
case  of  the  dicalcium  silicate.  The  tricalcium  aluminate  hydrates 
very  rapidly  to  amorphous  tricalcium  aluminate  without  any 
liberation  of  Ume.  After  a  short  time  the  crystalline  variety  is 
formed  at  the  expense  of  the  amorphous.  When  this  compound 
is  mixed  with  other  materials  the  rate  of  hydration  and  change  to 
the  crystalline  variety  is  more  rapid  than  when  masses  of  it  alone 
are  gauged  with  water,  owing  to  these  preventing  its  agglomerating 
into  masses,  the  interior  of  which  hydrates  very  slowly.  Mixtures 
of  the  silicates  alone,  or  with  the  aluminate,  or  with  plaster, 
or  with  plaster  and  the  aluminate,  differ  but  little  from  the 
hydration  of  the  compounds  alone,  though  apparently  the  tri- 
calcium silicate  reacts  a  very  little  more  rapidly  in  the  presence 
of  the  aluminate  or  plaster.  When  aluminate  and  plaster  are 
present,  very  minute  needle  crystals  of  tricalcium  sulphoaluminate 
are  produced,  in  addition  to  gypsum  crystals,  which  always  appear 
when  plaster  is  present. 

VIII.  CONCLUSIONS 

1.  At  early  periods  the  constituents  of  Portland  cement  of 
normal  composition  and  manufacture,  in  the  order  of  their  strength- 
conferring  properties,  are:  Tricalcium  silicate,  tricalcium  alumi- 
nate, and  dicalcium  silicate. 

2.  At  periods  beyond  28  days  the  dicalcium  silicate  gains  suffi- 
cient strength  to  place  it  almost  on  an  equality  with  the  tricalcium 
silicate. 

3.  Tricalcium  aluminate  containing  10  per  cent  plaster  gains 
practically  no  strength  after  the  first  period  at  which  it  was 
tested;  that  is,  24  hours. 

4.  Tricalcium  silicate  of  the  purity  used  in  this  investigation 
(90  per  cent  3  CaO.SiO,  in  one  case  and  95  per  cent  in  the  other) 
has  all  the  important  properties  of  Portland  cement,  especially 
those  of  the  "rate  of  setting"  and  strength  developed. 
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5.  Dicalcium  silicate,  such  as  used  in  this  investigation,  sets 
too  slowly  and  attains  strength  too  slowly  to  be  of  any  commercial 
value  when  used  alone. 

6.  Tricalcium  aluminate  alone,  as  used  in  this  investigation, 
sets  too  rapidly  and  attains  too  little  strength  to  be  of  any  com- 
mercial value  as  a  hydraulic  cementing  material. 

7.  Tricalcium  aluminate,  when  used  to  replace  about  19  per 
cent  of  the  dicalcium  silicate  (which  is  approximately  the  amount 
of  aluminate  present  in  Portland  cement)  adds  somewhat  to  the 
strength  of  the  latter  at  the  later  periods.  This  mixtm-e  when 
used  with  the  addition  of  3  per  cent  of  plaster  gives  lower  strengths 
than  the  silicate  alone,  as  neat  test  pieces,  but  as  a  i :  3  mortar  the 
strengths  are  higher  than  any  of  the  dicalcium  silicate  mixtures 
not  containing  the  tricalcium  silicate. 

8.  Tricalcium  aluminate,  when  used  to  replace  about  19  per  cent 
of  tricalcium  silicate,  did  not  add  to  the  strength  of  the  latter, 
showing  rather  a  slight  tendency  to  decrease  it.  The  addition  of 
^  per  cent  of  plaster  gave  higher  early  strengths  but  lower  later  ones. 

9.  Tricalcium  aluminate,  when  used  to  replace  about  19  per 
cent  of  a  mixture  of  equal  parts  dicalcium  and  tricalcium  silicate, 
increased  the  strength  at  24  hours  and  7  days,  but  decreased  it 
at  the  later  periods.  The  addition  of  3  per  cent  of  plaster  increased 
the  strength  at  all  periods 

ID.  Plaster  of  Paris,  when  added  to  any  of  the  compounds  or 
mixtiu-es  of  those  studied,  generally  increased  their  strength. 
This  effect  is  more  marked  at  the  early  periods. 

1 1 .  The  amount  of  water  of  hydration  of  any  of  the  compoimds 
at  any  period  is  not  a  measure  of  the  strength  developed,  as  the 
dicalcium  siUcate  at  one  year  with  5.5  per  cent  water  of  hydration 
has  a  strength  almost  as  great  as  the  tricalcium  silicate  with  1 1.5 
per  cent,  whereas  the  tricalcium  aluminate  with  26.4  per  cent  has 
a  strength  of  less  than  100  pounds  per  square  inch. 

12.  The  dicalcium  silicate  hydrates  to  a  very  granular  porous 
mass  which  allows  of  ready  egress  of  solutions  and,  while  it  is 
chemically  more  resistant  to  the  action  of  solutions  than  the 
tricalcium  silicate,  yet  it  fmnishes  a  great  number  of  ^-oids  in 
wliich  salts  may  crystallize  out  of  solution,  and  it  is  consequently 
very  little  able  to  resist  the  mechanical  action  of  the  "freezing 
out"  (crystallization)  of  salts  from  solution. 

13.  On  the  other  hand,  the  hydrated  tricalcium  silicate  with  its 
very  dense  structure,  composed  of  gelatinous  (colloidal)  silicate 
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interspersed  with  crystals  of  lime  hydrate,  is  probably  very 
susceptible  to  strains  produced  by  alternate  wettings  and  dry- 
ings, colloidal  material  of  this  kind  being  subject  to  considerable 
volume  change  resulting  from  slight  moisture  changes. 

14.  It  appears,  therefore,  that  the  composition  of  Portland 
cement  should  be  along  lines  which  would  not  produce  a  great 
preponderance  of  either  silicate.  The  ideal  cement  should  possi- 
bly have  an  excess  of  the  dicalcium  silicate,  which  would  give  a 
not  too  dense  hydrated  material,  gaining  strength  at  later  periods. 
A  lesser  amount  of  the  tricalcium  siUcate  would  furnish  the 
desired  early  strength  and  also  overcome  the  excessive  porosity 
of  the  dicalcium  silicate. 

15.  It  is  possible  to  make  a  cement  that  will  have  the  properties 
of  Portland  cement  by  grinding  together  the  previously  separately 
burned  constituents  in  approximately  the  amounts  in  which  they 
exist  in  Portland  cement. 

1 6.  The  function  of  tricalcium  aluminate  in  the  finished  cement 
is  somewhat  problematical.  A  cement  with  less  than  i  per  cent 
of  alumina  has  all  the  properties  of  Portland  cement.  Such  a 
cement  is,  however,  not  a  commercial  possibility  from  the  manu- 
facturing standpoint,  on  account  of  the  temperatures  and  amount 
of  burning  involved.  To  state,  ht)wever,  that  the  aluminate  in 
the  finished  cement  is  of  the  nature  of  a  diluent  or  inert  material 
would  be  drawing  a  conclusion  which,  while  justified  by  the 
present  investigation,  requires  further  confirmatory  work. 

17.  The  actual  products  of  the  hydration  are  those  noted  by 
Klein  and  Phillips,'  excepting  as  noted  before  the  case  of  the 
dicalcium  silicate,  when  apparently  during  the  hydration  of  this 
compound  lime  hydrate  is  formed. 

In  carrying  out  the  work  in  connection  with  this  paper  the 
authors  have  had  the  assistance  of  A.  C.  Nothstine  and  J.  C.  Evans 
in  making  the  chemical  analyses,  and  E.  R.  Gates  in  making  and 
superintending  the  making  of  the  physical  specimens. 

Washington,  February  26,  191 6. 

'  Tech.  Paper  No.  43,  this  Bureau. 
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No  crystals  eicept  under  the  microscope.    P  has    caused 
quite  an  Increase  In  denseness;  those  containing   P  are 
very  dense  at  7  days;  those  without  it  are  distinctly  granu- 
lar at  13  weeks. 

Many  crystals  of  Ca(OH)3  at  1  year.    Very  granular  com- 
pared with  37  and  39.    Addition  of  P   has  produced  no 
effect  on  denseness;  test  pieces  still  quite  granular  at  90 
days. 
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I.  INTRODUCTION 

In  the  manufacture  of  glass  pots,  tank  blocks,  glass  furnace 
accessories,  graphite  crucibles^  and  similar  refractories  a  certain 
amount  of  plastic  clay  is  required  for  the  purpose  of  bonding 
together  the  grains  of  calcined  material,  groimd  potsherds,  and 
previously  burned  fire  clay,  which  constitute  from  50  to  60  per 
cent  of  the  mixture  used. 

The  requirements  of  such  clays  are  very  exacting  and  may  be 
summarized  as  follows: 

First,  they  must  possess  suflficient  refractoriness  to  withstand 
the  high  heat  of  the  furnaces,  under  the  pressure  of  the  liquid 
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charge,  without  showing  deformation;  second,  great  plasticity  and 
bonding  power,  making  possible  the  cementing  together  of  the 
grains  of  calcined  material  to  a  satisfactory  compact  mass;  third, 
considerable  mechanical  strength  and  toughness,  especially  in  the 
dried  state;  fourth,  the  quality  of  becoming  dense  at  compara- 
tively low  temperatures  in  order  to  produce  a  structure  imper- 
\-ious  to  the  liquid  glass  or  metal  and  resisting  their  corroding 
influence;  fifth,  the  property  of  retaining  a  sound  structure,  free 
from  vesicular  development  upon  long-continued  heating;  sixth, 
the  quality  of  resisting  sudden  temperature  changes  without  check- 
ing or  spalling;  seventh,  the  property  of  drying  and  firing  safely 
without  cracking. 

These  requirements  are  severe  and  are  possessed  by  compara- 
tively few  clays.  The  materials  which  have  been  foimd  most 
satisfactory  by  years  of  practical  experience  are  a  number  of 
European  clays,  principally  those  from  Gross  Almerode,  Klingen- 
berg,  Schippach,  and  the  Westerwald  district  in  Germany,  from 
Belforce  and  the  Ardennes  region  in  Belgium,  and  from  the  Stour- 
bridge district  in  England.  These  clays  possess  the  properties 
demanded  of  glass  refractories  to  a  marked  degree.  It  would 
seem  desirable,  therefore,  to  investigate  their  properties  in  order 
that  a  basis  of  comparison  be  established,  enabling  us  to  estimate 
the  value  of  domestic  clays  for  the  same  purpose.  Such  results 
should  be  of  particular  importance  at  the  present  time  when  ship- 
ments of  European  clays  are  uncertain  with  the  prospects  of 
ceasing  entirely. 

II.  NATURE  OF  PLASTIC  FIRE  CLAYS 
1.  STRtrCTURE 

We  must  at  once  eliminate  from  the  discussion  all  kaolins  and 
kaolinitic  clays,  which  though  refractor}-  are  lacking  in  plasticity 
and  bonding  power.  This  applies  even  to  the  secondary  or  plastic 
kaolins  which  occur  interstratified  with  fresh- water  limestones, 
sands,  etc.,  in  Georgia  and  the  sandy  deposits  in  Florida.  All 
such  clays  possess  a  chalky,  more  or  less  friable,  structure,  and 
though  they  may  be  quite  plastic  they  are  lacking  in  bonding 
power  and  in  strengtli  when  dried,  sufficient  for  the  present 
purpose. 

The  clays  under  consideration  may  exist  in  the  soft  or  the  indu- 
rated state.  In  the  latter  case  they  require  grinding  before  they 
are  able  to  assume  the  plastic  state  when  admixed  with  water. 
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Good  examples  of  plastic  refractory  clays  in  the  soft  state  are  the 
so-called  ball  clays  of  Tennessee  and  Kentucky  in  the  United 
States  and  those  from  Devonshire  and  Dorset  in  England.  The 
clays  of  this  type  are  frequently  high  in  carbonaceous  matter 
and  hence  appear  dark  colored.  Their  plasticity  is  very  great, 
their  requirement  of  water  of  plasticity  high,  and  their  drying 
shrinkage  marked.  In  the  semidried  condition  they  are  tough, 
have  a  greasy  feel,  and  when  cut  are  found  to  possess  a  horn-like 
surface.  They  are  apt  to  crack  on  drying  when  molded  into 
larger  masses,  without  the  addition  of  nonplastic  material.  In  the 
dried  state  they  possess  considerable  mechanical  strength. 

The  indurated  or  hard  fire  clays  are  usually  of  massive  struc- 
ture, show  a  characteristic  conchoidal  fracture,  and  slake  down 
to  a  plastic  mass  when  weathered.  They  often  show  slickenside 
surfaces.  Grinding  of  the  imweathered  material  must  be  in- 
variably resorted  to  before  it  can  be  worked  into  a  plastic  mass  with 
water.  Considerable  differences  exist  as  to  the  readiness  of  slak- 
ing. Carbonaceous  matter  is  invariably  present  in  such  clays 
and  seems  to  be  intimately  connected  with  their  nature.  In  cer- 
tain cases  the  fatty  character  of  the  clays  may  be  directly  due  to 
this  constituent.  Addition  of  caustic  soda  seems  to  saponify  the 
organic  constituents,  forming  salts  of  the  fatty  acids.  In  many 
clays  the  organic  matter  may  be  present  as  hydrocarbons.  It  is 
noted  also  in  connection  with  clay  deposits  occurring  beneath 
lignite  beds  that  the  part  closest  to  the  coal  and  highest  in  carbon 
possesses  the  greatest  degree  of  plasticity.  It  is  not  unlikely  that 
the  organic  matter  may  be  closely  associated  with  the  difference 
between  these  clays  and  the  kaolinitic  materials.  A  dense,  quite 
impermeable  structure  is  characteristic  of  these  clays.  Their  spe- 
cific gravity,  determined  upon  dried  lumps,  in  the  natural  state, 
is  considerably  higher  than  that  of  the  "  fatty  "  alluvial  and  surface 
clays  and  affords  a  valuable  distinction.  Their  compactness, 
therefore,  is  an  essential  condition. 

The  presence  of  iron  pyrites  is  common  with  many  of  these 
clays.  The  occurrence  of  this  mineral  in  appreciable  quantity 
destroys  their  value  for  the  purposes  under  discussion. 

2.  PLASTICITY  AND  BONDING  POWER 

Plasticity  is  the  property  of  clays  assumed  by  them  when  mixed 
with  water  and  represents  that  condition  in  which  they  may  be 
molded  without  suffering  subsequent  deformation.  It  is  a  con- 
dition made  possible  by  the  dispersed  state  of  the  hydrous  alumi- 
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num  silicates,  known  under  the  general  name  of  clay  substance. 
A  certain  portion  of  most  clays  is  in  such  a  finely  divided  state  that 
the  particles  assume  the  properties  of  a  suspensoid  colloidal 
system.  These  line  particles  have  been  estimated  to  possess  a 
mean  diameter  of  from  0.005  to  0.003  ™™-  According  to  the 
amount  of  the  dispersed  matter,  the  degree  of  dispersion,  the 
nature  of  the  fine  particles  and  their  compactness,  the  varying 
degrees  of  plasticity  are  produced,  ranging  from  the  strongly  to 
the  feebly  plastic  materials.  Organic  colloids  and  electrolj'tes 
appear  likewise  to  influence  this  property  to  a  very  considerable 
extent. 

The  above  statement  that  the  cause  of  plasticity  is  to  be  sought 
in  the  dispersed  state  of  the  mineral  particles  is  now  generally 
accepted  as  being  the  most  satisfying  one.  It  must  be  con- 
sidered a  state  rather  than  a  particular  kind  of  matter,  though  it 
must  be  realized  that  the  latter  point  is  of  considerable  importance. 
Thus,  barium  sulphate,  usually  crystalline,  may  imder  certain 
conditions  form  a  colloidal,  plastic  substance.  It  is  not  to  be 
supposed,  however,  that  it  would  show  the  same  degree  of  plas- 
ticity showTi  by  the  complex  aluminum  silicate,  known  as  clay 
substance,  which  by  virtue  of  its  complex  constitution,  its  content 
of  OH  groups,  and  slight  solubility  in  water  would  be  more  inclined 
to  be  stable  in  the  noncrystalline  state.  No  entirely  satisfactory 
measure  of  plasticity  has  yet  been  devised  and  some  of  the  tests 
are  of  an  indirect  character.  The  Zschokke '  method  of  determin- 
ing the  tensile  strength  and  deformation  of  the  clay  in  the  plastic 
state,  that  of  Grout ^  and  of  Emley,^  invoh-ing  the  measurement  of 
deformation  under  compression,  seem  to  be  the  most  promising. 
The  latter  two  methods  correlate  the  pressure  required  to  produce 
fracture  of  the  test  cylinders  and  the  deformation.  One  of  the  im- 
portant difficulties  is  the  consideration  of  the  proper  water  content ; 
that  is,  normal  consistency.  Fortunately,  an  experienced  operator 
is  able  to  detect  the  best  working  consistency  with  a  considerable 
degree  of  accuracy.  Mechanical  tests,  such  as  the  application  of 
the  Vicat  needle,  have  not  been  more  satisfactory  than  the  esti- 
mation by  the  "feel." 

It  is  generally  known  among  clay  workers  that  the  very  plastic 
clays  require  more  water  in  order  to  assume  the  best  working  con- 
sistency than  the  leaner  ones,  in  agreement  with  the  fact  that  the 

^  Bull.  Soc.  d'Encour..  p.  103.  pp.  619-658,  1902;  Banmatertalienktinde,  7,  pp.  149-152.  1 65-1-0.  1903. 
*  Geol.  Survey  ol  W.  Virginia,  III.  p.  40. 
8  Trans.  Am.  Ceram.  Soc,  17,  p.  6ia. 
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former  represent  a  greater  degree  of  dispersion  and  hence  more 
surface  to  be  coated  with  a  film  of  water.  Excessively  plastic 
clays  may  thus  be  clearly  distinguished  from  those  of  normal 
properties  by  their  high  water  content.  The  shrinkage  of  clays 
upon  drying  parallels  the  content  of  water  of  plasticity,  for  the 
greater  the  latter  the  more  contraction  is  boimd  to  take  place. 
Hence,  both  the  content  of  water  and  the  drying  shrinkage  are 
indirect  means  of  estimating  the  plasticity. 

Atterberg  ^  makes  use  of  this  factor  by  determining  the  amount 
of  water  contained  by  the  clay  in  two  stages,  at  the  "rolling "  and 
at  the  flow  limit.  The  first  is  that  stage  at  which  the  clay  can  just 
be  rolled  into  threads,  a  point  quite  sharply  defined;  the  second 
represents  the  state  in  which  the  clay  can  be  made  to  flow  on  a 
concave  smooth  surface  which  is  subjected  to  rapid  impacts. 
The  difference  in  the  contents  of  water  represents  the  so-called 
Atterberg  plasticity  factor.  The  greater  this  value  the  more 
plastic  is  the  clay  supposed  to  be.  Applied  to  American  clays, 
Kinnison '  has  found  it  necessary  to  correlate  the  Atterberg  number 
with  the  total  content  of  water  of  the  clays  when  they  are  in  the 
plastic  state.  The  results  of  this  worker  are  compiled  in  Table  i , 
which  gives  the  limiting  values  for  the  different  classes  of  clays. 

TABLE   1 


Atterberg 

plasHcity 

factor 

Minimum 
water  of 
plasticity 

Per  cent 

6.5-10 

27 

13    -16 

25 

16     -29 

29 

8    -10 

15 

7    -12 

17 

Maximum 
water  of 
plasticity 


Kaolins: 

Primary 

Secondary. . 

Ball  clays 

Plastic  fire  clays 

Shales 


Per  cent 
31 
31 

35+ 

19 

22 


According  to  the  Atterberg  factor  the  wider  the  range  in  water 
content  between  the  two  limits  the  more  plastic  should  be  the 
clay.  In  general,  this  agrees  with  practical  results.  Thus,  sandy 
clays  possess  but  a  narrow  range  and  the  excessively  plastic  clays 
a  very  wide  one.  In  this  connection  it  might  be  stated  that  exces- 
sive plasticity  may  be  as  detrimental  as  low  plasticity,  inasmuch 
as  the  water-laden  structure  of  such  materials  does  not  result  in 
the  desired  strength  besides  giving  rise  to  difficulties  in  drying  and 
burning. 

'  International  Reports  on  Pedology,  1911;  C.  S.  Kinnison.  Bureau  of  Standards,  Tech.  Paper  No.  46. 
»  Loc.  cit. 
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Of  the  indirect  methods  that  of  determining  the  ten?ile  strength 
of  the  clay  in  the  dried  state  seems  to  be  used  most  commonly 
though  it  is  being  replaced  more  and  more  by  the  transverse  test 
of  dried  bars.  In  general,  it  is  undoubtedly  true  that  the  mechan- 
ical strength  of  the  dried  clay  is,  in  a  way,  a  measure  of  the  plas- 
ticity, since  this  is  known  to  be  the  case  for  the  strong  ball  and 
bond  clays.  There  are  experimental  difficulties  to  be  met,  how- 
ever, due  to  the  cracking  and  checking  of  the  clays  in  drying  and 
to  strains  set  up  which  give  erroneous  results  in  the  strength  tests. 
Cracking  may  occur  even  in  the  most  carefully  conducted  drying 
process.  For  this  reason  it  has  been  suggested  that  the  clays  be 
intimately  mixed  with  50  per  cent  by  weight  of  standard  Ottawa 
sand  and  these  errors  avoided."  In  this  manner  the  results  would 
be  indicative  also  of  the  bonding  power  of  the  material,  viz,  its 
capacity  to  cement  together  a  given  volume  of  nonplastic  particles 
and  to  produce  a  body  of  the  required  mechanical  strength.  The 
error  incidental  to  strength  tests  of  dried  clay  is  quite  large  and 
it  has  been  the  practice  in  the  Pittsburgh  laboratory  of  the  Bureau 
of  Standards  to  take  as  the  reported  result  the  average  of  20  deter- 
minations. In  Table  2  the  results  of  a  large  series  of  tests  are 
compiled  giving  the  tensile,  compressive,  and  transverse  strengths 
of  dried  clays,  without  and  with  the  admixture  of  standard  Ottawa 
sand  in  the  proportion  of  i :  i ,  by  weight. 

TABLE  2 

[Data  shown  in  pounds  per  square  inch] 


Tensile  strength 

Compression  strength 

Modulus  of  rupture 

Material 

Without 
sand 

With  sand 

Without 
sand 

With  sand 

Without 
sand 

With  sand 

English  ball  clay  (a) 

210.0 
161.0 
155.0 
154.0 
147.0 
135.0 
125.0 
109.0 
104.0 
56.5 
33.2 
29.6 

190.0 
152.  C 
113.0 
15&0 
110.5 
127.5 
124.0 
97.5 
54.0 
34.9 
26.1 
28.8 
150  4 
101.0 
77.0 

1148.  0 
806.0 
631.0 

1056.  0 
455.0 
565.0 
633.0 
519.0 
539.0 
349.0 
228.0 
206.0 
954.0 
636.0 
748.0 

777.0 
623.0 
476.0 
556.0 
390.0 
464.0 
489.0 
559.0 
286.0 
168.0 
172.0 
164.0 
553.0 
403.0 
407.0 

558.0 
438.0 
520.0 
50&0 
325.0 
375.0 
380.0 
269.0 
239.0 
166.0 
98.0 
74.0 
484.0 
311.0 
403.0 

330.0 

English  ball  clay  (b) 

303.0 

Pennsylvania  No.  2  fire  clay, . . 
English  ball  clay  (c) 

216.0 
319.2 

210.0 

English  ball  clav  (d) 

242.0 

243.0 

182.0 

122.0 

82.0 

English  china  clay  (3) 

53.0 

56.0 

Ohio  No.  3  fire  clay    .   . 

280.0 

136.0 
187.0 

J  99.0 

West  Virginia  shale 

176.0 

^  Bleininger  and  Howat,  Trans.  Am,  Ceram.  Soc.,  16,  p.  273. 
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Another  indirect  test  for  plasticity  is  also  the  so-called  slaking 
test,  in  which  a  cube  of  dried  clay  is  immersed  in  water  and  the 
time  of  its  disintegration  noted.  Clays  of  the  kaolin  type  will 
slake  almost  instantly ,  and  as  the  character  of  the  materials  becomes 
more  and  more  of  the  strong,  tenacious  type  the  time  required  to 
break  down  the  specimen  will  increase  in  a  very  decided  manner. 
Very  strong  clays  resist  the  slaking  action  of  the  water  for  a  con- 
siderable period.  This  test  is  practiced  by  German  glass  pot 
makers  and  may  be  modified  by  intimately  blending  with  the  clay, 
in  the  dried  state,  potters  flint  in  the  proportion  of  i  :  i  by  weight 
and  molding  into  seven-eighths-inch  cubes.  After  drying  at 
iio°  C  the  cubes  are  immersed  in  water  at  room  temperature 
and  the  time  of  their  breaking  down  noted. 

3.  FINENESS 

The  fineness  of  grain  of  clays  is  closely  associated  with  plas- 
ticity, as  has  been  mentioned  before.  Of  greatest  interest  in  this 
connection  is  a  knowledge  of  the  quantity  of  finely  dispersed 
matter  which  contains  practically  all  the  clay  substance  and  in 
addition  some  of  the  nonplastic  constituents,  quartz  and  feldspar. 
The  apparatus  used  for  this  purpose  is  either  of  the  elutriating 
or  the  sedimentation  type,  employing  water  as  a  medium.  In 
the  first  kind  of  separating  apparatus  several  arbitrarily  classified 
groups  of  sizes  of  grain  are  removed  by  means  of  definite  velocities 
of  the  water  current.  The  first  group  separated  comprises 
the  particles  of  the  smallest  size  which  can  be  removed  under 
conditions  possible  of  control.  Seger'  has  adopted  for  this  group 
a  velocity  of  0.18  mm  per  second,  which  corresponds  to  a  maximum 
size  of  o.oi  mm.  Undoubtedly  this  represents  the  most  important 
separation,  as  it  includes  all  of  the  clay  substances.  It  would  be 
erroneous,  however,  to  consider  this  fraction  as  consisting  only  of 
clay  substance,  as  imdoubtedly  fine  quartz  and  feldspar  are 
invariably  present.  The  remaining  material  must  be  considered 
granular  in  character  since  it  is  lacking  in  real  plasticity.  The 
other  separations  advocated  by  Seger  are  silt,  0.025  to  o.oi  mm; 
current  velocity  0.7  mm  per  second;  dust  sand,  0.04  to  0.025  mm, 
1.5  mm  per  second;  fine  sand,  0.333  to  0.040  mm,  and  coarse  sand 
larger  than  0.333  m™-  The  Schoene  elutriating  apparatus  is 
probably  the  best  known  of  the  devices  proposed  for  this  purpose. 
It  consists  of  a  glass  cylinder,  provided  with  a  piezometer,  and 

^  Gesammelte  Schriften,  p.  3s- 
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is  supplied  with  water  from  a  container,  under  a  constant  head. 
This  simple  de\-ice  can  be  made  to  do  good  work  provided  the 
temperature  of  the  water  is  kept  as  constant  as  possible  and  either 
rain  or  distilled  water  is  used  in  its  operation.  It  is  desirable  also 
to  deflocculate  the  clay  sample  at  the  beginning  of  the  rim  with 
caustic  soda  or  to  maintain  a  small  alkali  content  in  the  wash 
water. 

Another  elutriating  apparatus  sometimes  used  for  this  purpose 
is  that  proposed  by  Schulze.  Here  the  fiow  of  water  is  kept 
constant  and  the  several  desired  velocities  are  obtained  by  using 
three  or  four  increasingly  large  cylinders.  The  material  is  placed 
first  in  the  smallest  can,  in  which  the  highest  velocity  is  maintained, 
and  is  then  carried  into  the  larger  ones.  Since  the  velocity  is 
constant  in  each  can  a  definite  fraction  will  be  throT\-n  down 
in  the  conical  bottom  of  each.  The  comparativeh-  large  areas  of 
the  separating  cans  and  the  size  of  the  latter  cause  certain  irregu- 
larities in  operation  and  hence  variable  results,  which,  however, 
can  be  partly  neutralized  by  the  use  of  larger  samples  of  material. 
The  Schulze  apparatus  is  easier  to  operate  than  the  Schoene  and  is 
more  suitable  for  industrial  control  where  approximate  results 

suffice. 

4.  COMPOSITION 

The  chemical  and  with  it  the  mineral  composition  of  the  plastic 
fire  clays  imder  consideration  is  obviously  of  fundamental  impor- 
tance ;  but  it  is  influenced  and  modified  so  largely  by  physical  con- 
ditions that  as  a  guide  in  the  selection  of  suitable  clays  it  is  of 
secondary  service.  This  is  illustrated  by  the  fact  that  we  have 
in  the  United  States  a  large  number  of  clays  practically  identical 
or  closely  approaching  the  chemical  composition  of  the  best- 
known  European  bond  clays  but  which  fail  completely  in  satis- 
fying the  requirements.  We  are  compelled,  therefore,  to  assign 
to  chemical  composition  a  secondary  value.  This  does  not  mean, 
of  course,  that  the  composition  is  to  be  entirely  neglected.  It 
must  always  correspond  to  that  of  refractory  clays.  Any  excess  of 
fluxes  would  evidently  render  the  material  valueless,  since  refrac- 
toriness is  one  of  the  conditions  to  be  met.  The  fact  to  be  realized 
is  that  it  fails  to  differentiate  between  the  several  types  of  fire 
clays,  all  of  which  are  sufficiently  refractory  for  the  purpose. 

In  studying  the  clays  of  this  type  a  knowledge  of  the  chemical 
composition  is  always  desirable,  as  is  the  case  with  all  refractory 
clays.  Further  light  may  often  be  thrown  upon  the  behavior 
of  such  clays  by  supplementing  the  ultimate  analysis  by  the 
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so-called  rational  or  mineral  analysis.  This  method,  proposed  by 
Forchhammer  and  Fresenius  and  amplified  by  Bischof,  Richters, 
Seger,  and  others,  depends  upon  the  fact  that  clay  substance 
and  mica  are  soluble  in  boiling  sulphuric  acid,  while  quartz  and 
feldspar  are  not.  By  treating  the  clay  with  hot  concentrated 
sulphuric  acid,  diluting,  filtering,  washing  with  sodium  carbonate, 
and  finally  with  dilute  acid  solutions  the  clay  substance  plus 
mica  may  be  removed  from  the  clay.  The  residue  composed  of 
quartz  and  feldspar  may  then  be  partially  analyzed  by  determining 
the  silica  and  alumina  or  the  alkalies  and  the  content  of  the  two 
mineral  constitutents  computed.  This  method  is  not  scientifically 
exact  and  fails  completely  for  the  low-grade  clays  but,  nevertheless, 
it  is  capable  of  giving  useful  results. 

The  presence  of  carbonaceous  constituents  in  clays  seems  to 
contribute  toward  rendering  them  more  plastic.  It  would  seem, 
therefore,  that  a  knowledge  of  the  carbon  content  of  such  clays 
would  be  of  service  in  explaining  the  behavior  of  these  materials, 
since  it  is  evident  that  the  organic  matter  is  an  important  element 
in  developing  the  desirable  quality  of  high  plasticity. 

5.  DRYING  SHRINKAGE  AND  DRYING  BEHAVIOR 

The  strong  plastic  clays  of  the  type  under  discussion  show  con- 
siderable contraction  in  volume  upon  drying.  At  the  same  time 
there  is  a  distinct  tendency  on  the  part  of  some  clays,  such  as  the 
well-known  Klingenberg  material,  to  air  check.  Both  of  these 
items  deserve  attention.  The  difficulty  due  to  air  cracking  is,  of 
course,  largely  overcome  in  actual  use  by  the  employment  of  a 
large  proportion  of  nonplastic  material  in  the  form  of  calcined 
clay,  crushed  potsherds  (grog),  and  graphite.  The  drying  shrink- 
age is  determined  by  accurately  calipering  between  shrinkage 
marks  made  on  a  bar  of  the  clay  in  the  plastic  state  and  comparing 
the  lengths  in  the  wet  and  dried  state.  The  shrinkage  is  usually 
expressed  in  per  cent  of  the  original  or  of  the  dry  length.  More 
accurate  results  are  obtained  by  the  use  of  the  voluminometer;  in 
which  the  volume  contraction  is  determined.  The  measuring 
liquid  commonly  employed  is  kerosene.  The  measm-ement  of 
the  volume  shrinkage  is  the  only  accurate  method  for  determining 
this  constant,  since  the  linear  contraction  is  not  uniform  in  all 
directions  but  within  certain  limits  is  dependent  upon  the  geo- 
metrical proportions  of  the  test  specimen.  The  shrinkage  is  also 
a  function  of  the  rate  of  drying,  which  is  governed  by  the  tempera- 
ture (humidity)  and  the  velocity  of  flow  of  the  air  around  the  piece 
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being  dried.  As  a  rule  the  shrinkage  is  found  to  be  smaller  where 
the  drying  proceeds  rapidly  and  larger  where  the  process  is  taking 
place  more  slowly. 

The  beha\nor  of  a  clay  in  drying  can  be  estimated  in  a  satis- 
factory way  only  by  means  of  practical  trials  where  the  material 
is  made  up  into  larger  pieces  both  with  and  without  admixture  of 
the  nonplastic,  inert  constituents.  Small  laboratory  trials  usually 
are  apt  to  deceive  as  to  the  real  behavior  of  the  clay. 

6.  EFFECT   OF  HEAT 

Plastic  fire  clays  may  be  roughly  divided  into  two  classes, 
namely,  open  and  dense  burning  materials.  The  former  when 
fired  to  high  kiln  temperatures,  sa}',  corresponding  to  pyrometric 
cones  14  to  16,  retain  their  open  structure,  owing  to  the  small 
amounts  of  fluxes,  iron  oxide,  lime,  magnesia,  and  the  alkalies. 
The  second  type  burns  to  a  dense  mass  at  these  temperatures  or 
below  and  may  even  show  overburning  or  the  formation  of  a 
vesicular,  spongelike  structure.  Both  types  of  clay  are  necessary. 
The  first  type  is  inherently  more  refractory  and  is  able  to  withstand 
load  conditions  at  furnace  temperatures  more  satisfactorily.  The 
second  type  is  useful  in  closing  up  the  pores  of  the  material  and 
producing  a  dense  mass  resistant  to  the  corrosive  action  of  slags 
and  glasses.  The  ideal  condition  would  be  obtained  by  the  use 
of  a  mixture  of  the  two  classes  of  clays  and  restricting  the  amount 
of  the  dense  burning  material  to  the  minimum  necessary  to  bring 
about  the  desired  density.  It  is  to  be  expected,  of  course,  that 
there  are  to  be  found  gradations  between  the  two  extremes, 
inasmuch  as  certain  clays  have  some  of  the  attributes  of  both 
classes. 

The  study  of  the  rate  of  condensation  or  vitrification,  a  term  not 
to  be  confused  with  the  idea  of  glassiness,  is  usually  followed  by 
determining  the  decreasing  absorption  of  water  or  porosity  at  a 
series  of  increasing  temperatures.  For  this  purpose  specimens  of 
the  clay  are  made  up  in  the  shape  of  cubes  or  bars,  which  are  fired 
in  a  kiln  of  sufficient  size  at  a  rate  of  temperature  increase  of  about 
20°  C  per  hour.  At  intervals  of  20°  or  40°  a  specimen  is  with- 
drawn from  the  kiln  and  cooled  slowly  in  hot  sand  or  in  a  small 
furnace  kept  at  a  red  heat.  Upon  determining  the  absorption  or 
the  porosity  of  the  trials  and  correlating  graphically  these  values 
with  the  temperature  of  withdrawal  a  diagram  is  obtained  which 
is  characteristic  of  the  burning  behavior  of  the  clay.  Decreasing 
porosity  must,  m  the  nature  of  the  case,  parallel  the  process  of 
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vitrification.  The  higher  the  content  of  fluxes  the  larger  must  be 
the  quantity  of  the  matter  softening  under  the  influence  of  the 
heat  so  that  condensation  or  minimum  porosity  is  reached  at  a 
comparatively  low  temperature.  The  open  burning  clays,  on  the 
other  hand,  show  no  striking  drop  in  porosity  and  retain  their 
porous  structure  at  the  temperatures  involved.  This  behavior 
undoubtedly  is  due  to  their  more  refractory  character,  viz,  the  low 
content  of  fluxes.  Such  a  diagram,  first  used  by  Ptirdy*  for  the 
study  of  clays,  is  extremely  valuable  in  showing  comprehensively 
what  is  taking  place  in  a  clay  when  being  fired,  and  hence  is  a  very 
valuable  aid  in  classifying  the  clays. 

It  gives  evidence  not  only  concerning  the  vitrification  tempera- 
ture range  of  the  materials  but  shows  also  when  and  to  what  extent 
the  phenomenon  of  overburning  takes  place.  By  this  is  meant  the 
formation  of  vesicular  structure  due  to  the  evolution  of  gases. 
This  is  evidenced  by  the  fact  that  during  this  stage  the  porosity 
again  increases,  since  the  clay  becomes  more  or  less  spongelike  in 
character.  The  usefulness  of  the  clay  is  seriously  lowered  even 
during  the  incipient  formation  of  this  structure,  as  it  is  evidence 
that  the  clay  has  softened  to  a  very  great  extent,  and  owing  to  the 
resumption  of  the  greater  porosity  becomes  more  subject  to  the 
action  of  corroding  slags  or  glasses.  Fortunately  in  the  presence 
of  fine  and  coarser  grained  calcined  clay  of  high  refractoriness, 
grog,  the  formation  of  the  vesicular  structure  is  opposed  by  allow- 
ing the  gases  to  escape  more  readily,  by  the  solution  of  the  fine- 
grained refractory  cl^y  with  consequent  stiff'ening,  and  by  the 
mechanical  effect  of  the  skeleton  of  coarser  grog  particles.  This 
condition  is  subject  to  regulation  by  the  sizing  of  the  grog,  which 
makes  necessary  both  the  introduction  of  very  fine  particles  and 
a  series  of  coarser  sizes.  The  adjustment  of  the  sizes  should  be 
such  that  maximum  density  is  produced  in  the  dried  state.  It  is 
specially  important  to  keep  in  mind  the  function  of  the  fine  grog, 
a  fact  not  as  commonly  realized  as  it  should  be. 

A  plastic  clay  which  shows  some  formation  of  vesicular  structure 
need,  therefore,  not  be  condemned  on  this  evidence  alone.  If, 
however,  it  persists  in  bloating  when  admixed  with  grog,  its  use 
becomes  decidedly  questionable. 

7.  FUSION 

It  is  well  understood  by  this  time  that  clays  do  not  possess  a 
definite  melting  point  like  minerals  and  metals.     Softening  takes 

8  lllmois  Geol.  Survey,  Bull.  No.  9,  p.  256. 
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place  during  a  long-temperature  interv'al.  For  purposes  of  com- 
parison it  is  customary  to  determine  that  point  at  which  small 
tetrahedra  of  clay  soften  to  such  an  extent  that  the  cones  bend 
over  completely,  and  we  speak  of  this  point,  though  wrongly,  as 
the  fusion  or  the  melting  point  of  the  clay.  In  this  connection 
it  is  important  to  note  that  time  is  an  important  factor,  which  is 
illustrated  by  the  fact  that  this  arbitrary  degree  of  softening 
occurs  at  a  lower  temperature  when  the  heating  is  continued  for 
a  longer  time  and  vice  versa. 

For  the  purpose  of  establishing  fairly  well  defined,  fixed  soften- 
ing points  %\'hich  permit  us  to  compare  the  refractoriness  of  the 
various  clays,  the  well-known  system  of  pyrometric  cones  was 
established  by  Seger.  Pure  cla3^  kaolinite,  corresponding  to  the 
chemical  formula  Aln03.2  SiOo.2  H,0,  softens  at  cone  No.  35,  or 
approximately  at  the  melting  point  of  platinum,  1755°  C.  This 
point  represents  the  highest  type  of  refractory  clay  possible. 
The  good  fire  clays,  then,  may  range  in  refractoriness  down  to  cone 
No.  28.  The  intervening  numbers  approximate  the  following 
temperatures:  No.  34,  1740°  C;  No.  33,  1720°;  No.  32,  1705°; 
No.  31,  1685°;  No.  30,  1670°;  No.  29,  1650°;  No.  28,  1635°. 
These  temperatures  are  only  approximations,  in  the  nature  of  the 
case,  and  it  would  be  very  desirable,  indeed,  if  the  use  of  tem- 
peratures in  degrees  were  dispensed  \vith  entirely  and  the  soften- 
ing points  indicated  by  means  of  the  cone  numbers.  This  would 
be  a  far  more  satisfactory  and  less  confusing  practice. 

The  ultimate  softening  temperature  is  apt  to  be  a  misleading 
criterion  as  regards  the  practical  usefulness  of  a  refractory,  and 
in  ceramic  literature  too  much  stress  is  placed  upon  this  point. 
Thus,  based  upon  the  Seger  kaolin-silica  fusion  curve  siliceous  clays 
are  considered  of  an  inferior  grade  compared  with  the  high  clay 
materials.  As  a  matter  of  fact,  clays  high  in  silica  and  low  in 
fluxes  may  show  excellent  refractory  qualities  in  practical  use 
and  may  stand  up  under  severe  conditions,  as  in  gas  benches  and 
similar  installations.  The  fact  that  the  siliceous  clays  may  fuse 
at  a  lower  temperature,  say  at  cone  30  or  31,  is  not  of  much  prac- 
tical significance.  Such  materials  possess  the  important  advan- 
tage of  not  softening  throughout  a  considerable  temperature 
range,  as  is  the  case  with  the  clays  approaching  the  composition 
of  the  pure  clay  substance  and  usually  stand  up  at  heats  close  to 
their  ultimate  softening  point.  The  practice,  for  instance,  of 
rating  the  siliceous  New  Jersey  clays,  which  are  low  in  fluxes,  as 
second  grade  refractories  must,  therefore,  be  condemned. 
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The  following  pages  deal  with  tests  made  upon  typical  plastic 
fire  clays  of  established  use  in  the  industries. 

III.  DESCRIPTION  OF  WORK 
:.  MATERIALS  STUDIED 

As  has  been  stated  in  the  introduction  of  this  paper,  the  object 
of  this  work  is  the  study  of  typical  European  plastic  fire  clays 
which  have  been  found  to  fulfill  the  requirements  of  industrial 
practice  by  many  years,  experience,  so  that  the  information  might 
serve  as  a  basis  of  comparison  for  similar  American  materials. 
Through  the  courtesy  and  cooperation  of  the  Findlay  Clay  Pot 
Co.,  of  Washington,  Pa.,  a  number  of  500-pound  samples  were 
secured  just  prior  to  the  outbreak  of  the  European  war,  which 
were  made  available  for  this  study. 

The  materials  selected  for  this  study  were  as  follows: 

A.  A  plastic  ck}'  from  Gross  Almerode,  Germany,  famous  for 
its  satisfactory  behavior  as  a  glass-pot  material. 

B.  A  very  plastic  clay  from  Klingenberg,  Bavaria,  generally 
used  in  the  manufactrue  of  graphite  crucibles. 

C.  A  plastic  clay  from  the  Kaschkau-Mehrener  Tonwerke,  near 
Meissen,  Saxony,  Germany. 

D.  A  plastic  pot  clay  from  St.  Loupe,  France,  which  is  exten- 
sively used  in  the  French  glass  industry. 

E.  A  plastic  clay  from  the  Westerwald  district,  Germany, 
obtained  from  Breitscheid,  Dillkreis.  This  is  a  clay  supposed  to 
possess  excellent  qualities  as  a  glass  refractory. 

Gross  Almerode  Clay. — This  material  is  probably  the  best  known 
of  the  plastic  pot  clays  and  was  imported  to  the  United  States  in 
considerable  quantities.  Ries '  gives  the  following  data  concern- 
ing it.  The  chemical  analyses  of  the  clays  from  this  region  of 
Hesse- Nassau  correspond  to  the  following  compositions: 


Crucible 

clay 

Glas9-pot 
clay 

SiUca 

.  Per  cent 
47.50 

34.37 
1.24 

Per  cent 

Alumina 

18  93 

Magnesia 

1.00 

Potash 

Loss  on  ignition 

14.43 

6  13 

•  Miaeral  Resources  of  the  United  States,  Report  for  the  year  1901-1903. 
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"  These  clays  are  found  in  the  tertiary  formation  and  possess  the 
property  of  burning  dense  at  a  comparatively  low  temperatiu-e. 
The  pot  clay  requires  25.80  per  cent  of  water  for  working,  has  an 
air  shrinkage  of  6  per  cent  and  a  tensile  strength  of  180  to  203 
pounds  per  square  inch.  Its  softening  point  corresponds  to  cone 
27.  It  bums  steel  hard  at  cone  03  and  assumes  a  verj'  dense 
structure  at  cone  3." 

Another  authority '"  gives  two  chemical  analyses  of  which  No.  i 
represents  the  bulk  of  the  Gross  Almerode  deposit  and  No.  2  the 
best-known  clay. 


Silica 

Alumina 

Ferric  oiide 

Lime 

Magnesia 

Potash 

Loss  on  ignition 


No.  2 


Per  cent 

Per 

cent 

65.98 

46.37 

23.37 

33.62 

2.32 

2.25 

.41 
.53 

■ 

.88 

.76 

1.80 

6.84 

12.98 

The  clay  being  actuall)^  used  in  tliis  country  is  e\-idently  the 
more  silicious  material  rather  than  that  higher  in  clay  substance. 

Klingenberg  Clay. — This  material  is  especially  favored  for  the 
manufacture  of  graphite  crucibles  and  up  to  the  present  time  has 
been  used  exclusivelj^  for  this  piupose  by  American  makers.  The 
best  selection  mentioned  in  the  literatiure  is  said  to  approach 
closely  the  following  composition : 

Percent 

Silica 54-  06 

Alumina ; '. ; 33-  n 

Ferric  oxide i.  50 

Lime 49 

Magnesia 45 

Potash  and  soda i.  37 

Loss  on  ignition 9.  12 

The  clay  is  mined  near  Klingenberg,  Bavaria,  and  is  one  of  the 
most  plastic  clays  known.  It  appears  to  be  quite  high  in  organic 
matter.  Unmixed  with  nonplastic  matter  it  has  a  decided  ten- 
dency to  check  and  crack  in  drying.  There  are  several  grades  of 
this  clay  on  the  market  which  differ  in  refractoriness. 

Kaschkau-Mehren  Clay. — This  material  is  mined  near  Meissen, 
Saxony,  and  has  the  reputation  of  being  a  satisfactory  plastic 
bond   clay.     It   is   the   decomposition   product   of   a   porphyry. 

*^  Handbuch  der  gesammten  Thonwaarenindustrie;  Bruno  Kerl,  revised  by  E.  Cramer  and  H.  Hecht, 
p.  947- 
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Seger"  gives  as  the  composition  of  a  typical  plastic  clay  from  this 
district  the  following  figures: 

Per  cent 


Silica 63 

Alumina 25 

Ferric  oxide 

Lime 

Magnesia 

Potash 

Chemical  water 9 

Clay  substance 67 

Quartz 30. 

Feldspar i 


•7 
09 
64 

35 
26 
80 

70 
82 

93 
25 


Clay  from  St.  Loupe. — In  France  refractory  clays  are  found  in 
the  Paris  basin,  in  the  Departement  de  la  Mame,  in  the  Bernon 
Mountains,  and  near  BoUene  or  Noyeres.  Attention  might  be 
called  also  to  the  excellent  fire  clays  found  near  the  boimdary  line 
between  France  and  Belgium,  such  as  the  famous  clay  from 
Andenne,  near  Namur,  and  the  pot  clays  from  NaveUn,  Strud- 
Maiseroul,  Ohe3^-Matagne,  Tahier,  and  Soree.  The  most  plastic 
and  refractory  material  is  that  from  Strud-Maiseroul.  An  analysis 
of  the  .\rdennes  clay  is  given  by  Ries  '-  as  follows: 

Percent 

Silica 49-  64 

Alumina 34-78 

Lime 68 

Magnesia .41 

Ferric  oxide i.  80 

Alkalies .71 

Loss  on  ignition 12.10 


Total 100.  12 

Westerwald  Clay. — This  clay  comes  from  one  of  the  extensive 
deposits  in  Hesse-Nassau,  associated  with  lignite  beds,  and  which 
extend  into  the  valley  of  the  Rhine.  Well-known  deposits  are 
found  at  Hoehr,  Grenzhausen,  Ebemhahn,  Wirzes,  Giroden,  Lim- 
burg,  Vallendar,  Breitscheid,  and  many  other  localities.  The 
sample  available  was  from  Breitscheid  (Dillkreis).  The  Wester- 
wald clays  show  a  wide  range  of  compositions  and  vary  from  the 
siliceous  stoneware  clays  of  Hoehr  to  the  purer  clays  of  Vallendar, 
in  the  Coblentz  district,  on  the  east  side  of  the  Rhine  Valley. 

2.  TESTS  MADE 

With  reference  to  the  properties  of  the  clays  in  the  raw  state, 
both  plastic  and  dry,  determinations  were  made  of  the  amount  of 

"  Gesammelte  Schriften,  p.  344.  ^  V.  S.  Geol.  Survey,  Mineral  Resources,  1901. 
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water  required  for  normal  consistency,  the  relation  between  differ- 
ent water  contents  of  the  same  clay  and  the  drying  shrinkages,  of 
the  Atterberg  plasticity  factor,  of  the  fineness,  the  tensile  strength 
in  the  plastic  state,  the  time  of  disintegration  in  water,  the  tensile 
and  transverse  strength  in  the  dried  state,  both  without  and  with 
admixture  of  nonplastic,  and  an  estimate  of  the  drying  behavior. 
As  regards  the  properties  of  the  materials  upon  firing,  the 
absorption  and  the  porosity  were  determined  for  each  clay  when 
heated  to  a  series  of  temperatures  as  well  as  the  apparent  specific 
gravity  and  the  final  softening  temperature. 

3.  WATER  CONTENT  AND  DRYING  SHRINKAGE 

The  clays  were  made  up  with  percentages  of  water,  varying 
from  the  amount  required  to  cause  minimum  plasticity  or  working 
quality  to  that  in  which  the  materials  had  become  soft  and  had 
reached  the  upper  limit.  The  linear  drying  shrinkage  was  deter- 
mined in  each  case.  This  work  included,  of  course,  the  determina- 
tion of  the  water  content  at  normal  consistency  and  the  drying 
shrinkage  both  at  room  temperature  and  in  a  constant  tempera- 
ture oven  at  65°  C.  The  water  content  in  each  case  was  deter- 
mined by  drying  at  1 10°  C  in  an  electrically  heated  oven. 

The  Atterberg  plasticity  number  was  obtained  as  described  by 
Kinnison. 

The  estimation  of  fineness  consisted  in  determining  the  per- 
centage of  clay  removed  in  the  elutriation  test  by  a  water  current 
of  0.18  mm  per  second.  The  Schoene  funnel  was  employed  for 
this  purpose.  In  order  to  secure  satisfactory'  results  it  was  neces- 
sarv  to  deflocculate  the  clays  either  by  using  o.i  per  cent  of  caustic 
soda  in  terms  of  the  dry  weight  of  the  clay  and  slaking  the  5-gram 
sample  with  100  cc  of  distilled  water  or  to  use  an  alkaline  solution 
throughout  the  washing  process,  possessing  a  strength  of  o.oi  per 
cent  caustic  soda.  A  fine  screen  was  inserted  in  the  lower  part 
of  the  funnel,  as  recommended  by  Seger.  The  temperatvu-e  of  the 
water  was  kept  very  close  to  2 1 .5°  C.  The  amount  of  clay  removed 
by  washing  was  determined  by  weighing  the  residue  left  in  the 
funnel. 

The  time  of  disintegration  in  water  was  determined  by  making 
seven-eighths-inch  cubes  of  a  i :  i  mixture  of  the  clay  and  potter's 
flint  thoroughly  mixed  together,  drying  the  cubes  at  110°  C  and 
then  immersing  them  in  water  at  room  temperature.  During  the 
immersion  the  cubes  were  placed  on  coarse  mesh  wire  baskets  sus- 
pended in  the  liqtaid. 
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4.  MECHANICAL  STRENGTH  OF  THE  CLAYS 

The  tensile  strength  of  the  clay  specimens,  possessing  the  shape 
of  the  standard  cement  briquette,  was  readily  determined  by 
using  one-half  of  the  brass  mold  as  the  top  clip  and  as  the  lower 
one  a  clip  made  from  plaster  of  Paris,  which  was  shellacked.  The 
load  was  gradually  applied  by  causing  a  small  stream  of  water  to 
flow  into  a  light  pail.  The  stream  was  interrupted  automatically 
as  the  specimen  broke.  Failure  in  each  case  was  preceded  by  rup- 
ture cracks  and  elongation. 

The  tensile  strength  in  the  dry  state  was  determined  as  usual, 
employing  specimens  of  the  form  of  cement  briquettes.  The  bars 
for  the  transverse  test  were  pressed  in  brass  molds  and  were  of 
the  dimensions  6)4  by  i  by  i  inch  in  the  green  state.  All  speci- 
mens subjected  to  these  tests  were  first  dried  at  room  tempera- 
ture until  shrinkage  had  ceased,  then  to  constant  weight  at  75°  C, 
and  the  drying  completed  at  1 10°  C,  a  practice  recommended  by 
C.  H.  Kerr.'^ 

Since  plastic  clays  are  subject  to  strains  in  drying  which  may 
lead  to  the  formation  of  visible  or  invisible  cracks,  and  hence  to 
abnormal  results  in  the  tests,  such  determinations  made  upon 
unmixed  clays  must  be  looked  upon  with  caution.  Even  very 
strong  clays  may  give  poor  results  because  of  drying  defects.  It 
would  be  desirable  if  a  uniform  practice  of  using  a  i :  i  mixture  of 
the  clay  and  a  standard  sand  could  be  adopted,  since  this  proce- 
dure would  do  away  with  tt^e  difficulty  mentioned.  In  the  present 
work,  in  addition  to  the  tests  of  the  unmixed  clays,  mixtures  of  the 
clays  with  grog,  produced  by  calcining  a  high-grade  flint  clay,  in 
the  proportion  of  i :  i ,  by  weight,  were  employed.  This  grog  was 
obtained  through  the  courtesy  of  the  Harbison- Walker  Refracto- 
ries Co.,  Pittsbiu-gh,  and  showed  the  following  sieve  analvsis: 

Per  cent 

Grains  between  lo  and  20  mesh  sieve o.  i 

Grains  between  20  and  30  mesh  sieve 13.  9  • 

Grains  between  30  and  40  mesh  sieve 19.  9 

Grains  between  40  and  60  mesh  sieve 16.  2 

Grains  between  60  and  80  mesh  sieve 5.  6 

Grains  between  80  and  100  mesh  sieve 5.  5 

Grains  between  100  and  120  mesh  sieve 8.  i 

Grains  between  120  and  150  mesh  sieve 2.  5 

Through  between  150-mesh  sieve 26.  6 

"  Trans.  Am.  Ceramic  Soc,  15,  p.  34s. 
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A  sufficiently  large  amount  of  this  grog  was  available  to  serve 

for  all  of  the  tests.     It  is  evident,  of  course,  that  calcined  clay 

of  another  combination  of  sizings  would  give  somewhat  different 

results.  , 

5.  DRYING  BEHAVIOR 

The  drying  qualities  of  the  clays  were  estimated  by  measuring 
the  linear  shrinkage  and  by  determining  the  length  of  time  elaps-  ■ 
ing  before  shrinkage  ceased,  the  dr}'ing  being  conducted  in  an 
electrically  heated  oven  maintained  at  a  constant  temperature  of 
65°  C.  Multiplication  of  the  percentage  of  linear  shrinkage  by  the 
time  in  hours  elapsing  until  complete  shrinkage  has  taken  place, 
results  in  a  factor  indicative  of  the  resistance  of  the  clay  to  dr\'ing 
and  the  value,  hence  expresses  the  difficulty  experienced  in  taking 
it  through  this  process. 

6.  BEHAVIOR  DURING  VITRIFICATION  AND  FUSION 

The  burning  behavior  of  the  clays  was  determined  by  making 
up  a  series  of  2-inch  cubes  of  each  material  and  firing  them  in  a 
large  gas-fired  test  kiln  up  to  the  maximum  temperature,  close 
to  1400°  C,  at  a  rate  corresponding  to  a  temperature  increase 
of  20°  C  per  hour  beyond  about  1000°  C.  Care  was  taken  to  allow 
sufficient  time  for  the  proper  oxidation  of  the  clays.  The  kiln 
temperature  was  measured  by  means  of  platinum-platinum-rho- 
dium  thermocouples  and  Siemens-Halske  galvanometers.  Begin- 
ning with  1 1 25°  C  a  specimen  was  withdrawn,  at  intervals  of  25°  C, 
from  each  set  and  cooled  slowly  in  a  heated  pot  furnace.  The 
porosity  of  the  cold  pieces  was  then  determined  by  obtaining  the 
weight  of  the  dry  pieces,  that  of  the  completely  saturated,  and 
finally  of  the  saturated  piece  suspended  in  water.  The  absorp- 
tion of  the  specimens  was  obtained  by  boiling  till  constant  in 
weight.     The   porosity   was   then   computed   from   the   relation: 

100  jyn — ^.  where  IF  =  weight  of  the  saturated  briquette,  D  = 

weight  of  dry  briquette,  and  5  =  weight  of  specimen,  suspended  in 
water  at  room  temperature.  This  porosity  value  is  equivalent  to 
the  absorption,  in  terms  of  the  weight  of  the  dry  piece,  multi- 
plied by  its  apparent  specific  gravity.  From  the  above  data  the 
apparent  specific  gra\aty  was  also  readily  calculated. 

In  addition  the  softening  point  of  each  clay  was  determined 
in  an  electric  muffle  fiunace  using  granulated  carbon  as  a  resistor.'* 

The  clays  tmder  examination  were  also  analyzed  as  to  their 
ultimate  composition. 

"  Tech.  Paper  No.  7,  this  Bureau. 
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IV.  RESULTS  OF  TESTS 

1.  PROPERTIES  OF  THE  CLAYS  IN  THE  RAW  STATE 

The  results  bearing  on  this  part  of  the  work  are  compiled  in 
Tables  3  and  4.  In  Table  3  the  relation  between  the  varying 
water  content  of  the  clays  and  their  linear  drying  shrinkage  is 
given.  These  results  are  also  shown  graphically  in  Fig.  i.  It  is 
evident  on  inspection  of  these  data  that  clay  A  (Gross  Almerode 
clay)  has  a  much  shorter  range  of  water  content  than  any  of  the 
other  clays,  showing  a  difference  between  maximum  and  minimum 
of  26.14  per  cent,  while  the  others  range  between  48.25  and  59.62 
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WATEE,  PER  CENT. 
Fig.  I. — Relation  bet-ween  water  content  and  liiiear  drying  shrinkage 

per  cent.  Similar  observations  obtain  in  connection  with  mini- 
mum and  maximum  drying  shrinkage.  The  water  content  at 
normal  plasticity,  as  is  to  be  expected,  is  lowest  in  clay  A  and 
highest  for  the  Kaschkau  clay.  Clays  B  and  D  are  closely  related, 
D  representing  a  more  desirable  form  of  the  curve.  Clays  C  and 
E  indicate  an  excessively  water-laden  structure.  The  short  range 
of  clay  A  and  its  low  drying  shrinkage  show  at  once  its  granular 
physical  state.  The  above  results  are  not  contradicted  by  the 
Atterberg  plasticity  factor,  though  thij  value  is  not  as  discrim- 
inating since  it  is  practically  the  same  for  the  last  three  materials. 
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An  interesting  relation  brought  out  by  the  closer  study  of  the 
total  water  content  and  the  drying  shrinkage  is  that  between  the 
shrinkage  volume  or  the  volume  of  the  shrinkage  water  and  the 
volume  of  the  pore  water.  This  computation  may  be  made 
more  comparable  by  expressing  them  in  terms  of  the  true  volume 
of  clay,  namely,  its  weight  divided  by  the  specific  gravity  which 
may  be  taken  to  be  2.60  for  this  type  of  clay.'^  These  figures 
have  been  collected  in  Table  5. 

TABLE  5 
Percentages  of  Shrinkage  and  Pore  Water  in  Clays 


Clay 

Per  cent 

shrinkage 
water,  in 
tenns  o( 
true  clay 
volume 

Per  cent 

pore  water, 

in  terms  of 

true  clay 

volume 

Ratio  of 

per  cent 

slirinkage 

to  per  cent 

pore  water 

Per  cent 

total  water, 

in  terms  of 

true  clay 

volume 

Per  cent 
shrinkage 
water,  in 
terms  of 
total  water 

A 

23.9 
43.  3 
46.5 
43.4 
30.6 

27.1 
56.0 
64.5 
47.5 
64.3 

1:1.13 
1:1.13 
1:1.38 
1:1.09 
1*2  10 

51.0 
104.3 
lU.O 
90.9 
94  9 

46.4 
46.3 
41.9 
47.7 
32.2 

B 

C 

D 

E    

It  appears  from  these  values  that  the  relation  between  the 
shrinkage  and  pore  water  and  the  shrinkage  and  total  water  vol- 
umes are  particularly  significant.  It  seems  that  the  lower  the 
first  ratio  and  the  higher  the  percentage  of  shrinkage  water  in 
terms  of  the  total  water  volume  the  stronger,  mechanically,  is  the 
clay.  Thus,  clays  A,  B,  and  D  are  strong,  as  is  shown  by  the 
modulus  of  rupture  tests  of  the  clay -grog  mixtures,  and  possess 
low  shrinkage-pore  water  ratios,  while  C  and  E  are  much  weaker 
and  show  considerably  higher  ratios.  Clay  E  having  much  the 
highest  ratio  and  the  lowest  percentage  content  of  shrinkage  water 
is  also  the  weakest  clay  of  the  series.  This  is  in  agreement  with 
theoretical  considerations  since  a  high  content  of  pore  water  points 
toward  an  excessive  degree  of  dispersion.  It  would  seem  desirable, 
therefore,  to  make  use  of  those  relations  in  the  study  of  clays  as 
their  practical  importance  is  manifest.  It  is  to  be  regretted  that 
those  relations  have  received  no  attention  in  previous  investi- 
gations. Arranging  the  clays,  therefore,  with  reference  to  their 
plasticity,  strength,  and  bonding  power  they  would  be  classed  in 
the  following  order:  Klingenberg,  St.  Loupe,  Gross  Almerode, 
Kaschkau,  and  Breitscheid  clay.     The  drying  shrinkage,  per  se, 

*^  Bureau  of  Standards,  Tech.  Paper  No.  r,  p.  45. 
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is  a  criterion  of  plasticity  and  the  values  obtained  point  to  the 
clays  B,  C,  and  D  as  being  the  most  plastic  materials.  Since 
the  drying  shrinkage  is  a  variable,  dependent  on  the  drv'ing  tem- 
perature, water  content,  and  general  rate  of  evaporation,  it  is  a 
factor  not  suitable  for  close  differentiation  except  when  deter- 
mined imder  well-defined  conditions. 

The  fineness  of  the  clays  as  estimated  by  the  amount  elutriated 
with  minimum  current  velocity  does  not  assist  in  differentiating 
the  materials  with  an)^  degree  of  precision.  A  claj'  showing  the 
greatest  fineness  of  grain  or  dispersion  is  not  necessarily  the  most 
plastic,  and  in  fact  there  seems  to  be  a  definite  limit  ^vhich,  how- 
ever, has  not  yet  been  established.  This  condition  has  been 
realized  by  Ashley  "  who  introduced  fineness,  measm-ed  by  the 
sirrface  factor,  in  his  formula  as  being  a  factor  inversely  propor- 
tional to  plasticity.  Great  fineness  in  general  opposes  what  is 
usually  considered  normal,  or  working  plasticity,  inasmuch  as 
it  brings  about  a  condition  which  might  be  termed  "excessive 
plasticity. ' '  Such  a  state  may  be  recognized  also  by  the  high  value 
of  the  ratio  pore  water :  shrinkage  water.  It  is  entirely  possible 
that  our  means  of  estimating  fineness  by  elutriation,  etc.,  may  be 
entirely  inadequate  for  the  purpose.  It  is  possible  to  imagine  a 
large  portion  of  comparatively  coarse  granular  material  cemented 
together  by  a  small  amount  of  a  glue-like  emulsoid.  The  per- 
centage of  weight  removed  in  the  elutriation  would  be  small  and 
hence  the  information  would  tend  to  be  misleading.  The  ordinary 
methods  of  mechanical  analysis  fail  to  give  us  a  true  estimate  of 
the  fineness  of  the  dispersed  matter. 

The  tensile  strength  of  the  clays  in  the  plastic  state  showed  a 
decided  superiority  on  the  part  of  clays  B  and  D.  Apparently  the 
clays  A  and  E  are  so  much  weaker  that  they  seem  to  show  no  rela- 
tionship to  the  other  materials. 

Curiously,  similar  e\-idence  is  furnished  by  the  disintegration 
test  in  water.  Here,  again,  clays  B  and  D  resist  the  slaking  action 
for  a  long  time.  Clay  E  breaks  down  quickly,  while  A  and  C  show 
approximately  the  same  beha^^or.  This  again  points  out  the 
strongly  plastic  nature  of  B  and  D  which  is  in  striking  contrast  to 
that  of  E.  It  would  seem  that  the  last-named  clay  is  more  of  akao- 
linic  nature.  The  slaking  test  is  valuable  in  enabling  us  to  estimate 
quickly  the  nature  of  a  plastic  bond  clay.  A  material  breaking 
down  rapidly  under  the  conditions  of  the  test  gives  little  promise 
of  being  useful  in  this  direction. 

"  U.  S.  Geol.  Survey.  Bull.  No.  388. 
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Considering  the  transverse  strength  of  the  dried  clay-grog 
mixtures  as  the  best  criterion  of  the  mechanical  strength,  the 
clays  range  in  the  order  of  B,  D,  A,  C,  and  E.  The  superiority  of 
B  and  D  is  again  evident.  At  the  same  time  the  strength  of  the 
Gross  Almerode  clay  reaches  a  remarkably  high  value,  considering 
its  low  content  of  clay  substance  proper.  Its  actual  strength 
causes  it  to  rank  among  the  very  best  clays,  and  if  we  consider  its 
easy  drying  qualities  and  slight  tendency  to  laminate,  it  is  readily 
understood  why  it  has  proven  so  useful  in  the  glass  industry. 
Both  C  and  E  appear  at  a  considerable  disadvantage  from  this 
standpoint,  clay  E  being  especiall}'  weak. 

Inspection  of  the  drying  factors  (Table  4)  indicates  that  B  is  the 
most  difficult  and  A  the  most  easily  drying  material,  followed 
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closely  by  E.  The  explanation  of  the  excellent  drying  qualities 
of  A  lies,  of  course,  in  the  high  content  of  fine  quartz  sand,  while 
that  for  E  must  be  ascribed  to  the  water-laden  structure  of  the 
clay  which  allows  ample  capillary  flow  and  hence  comparatively 
rapid  evaporation  of  the  water,  just  as  some  fine-grained  kaolins 
like  those  from  North  Carolina,  with  a  high  pore  water  content, 
dry  with  the  greatest  ease.  This  is  similar  to  the  condition  pre- 
vailing in  the  so-called  slop-molded  bricks,  which  dry  more  easily 
than  when  the  clay  is  formed  with  less  water.  It  should  be  ex- 
pected, however,  that  a  limit  must  be  reached  in  this  direction 
when  the  total  water  content  becomes  too  high  and  hence  the 
capillary  system  too  fine,  so  that  drying  again  becomes  difficult. 
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The  drying  behavior  of  these  clays  is  illustrated  also  in  Fig.  2, 
showing  both  the  linear  shrinkage  and  the  percentage  water 
content  upon  drying  the  clays  at  a  constant  temperature  of  65°  C. 
It  is  at  once  seen  that  the  shrinkage  is  completed  earliest  with  A 
and  last  with  B.  By  reading  the  water  content  of  each  clay  from 
the  point  where  shrinkage  has  ceased,  upon  the  percentage  water 
curve,  the  approximate  amoimt  of  residual  or  pore  water  is 
obtained. 

From  a  general  review  of  the  physical  properties  of  these  bond- 
ing clays  it  would  seem  that  the  clays  B  and  D  are  the  most  valu- 
able materials  where  a  dense  initial  structure  and  high  mechanical 
strength  are  necessary.  Hence  they  would  be  most  serviceable  in 
the  manufacture  of  graphite  crucibles  for  which  the  clays  A,  C, 
and  E  would  not  be  so  desirable.  For  glass  refractories  the  excel- 
lent qualities  of  the  Gross  Almerode  clays  are  evident.  The  in- 
ferior drying  qualities  of  the  Klingenberg  clay  would  render  it 
tmsatisfactory  for  such  heavy  products  as  glass  pots,  etc.  The 
latter  clay  could  be  improved  in  this  respect  even  for  graphite 
refractories  by  admixture  with  a  clay  of  the  Gross  Almerode  type. 

2.  BURNING  BEHAVIOR 

The  most  satisfactory  study  of  the  burning  behavior  of  clays  is 

afforded  by  the  temperature-porosity  diagram,  in  which  the  drop 

in  porosity  which  is  equivalent  to  the  progress  of  vitrification  is 

shown  graphically.     Such  a  diagram  for  the  clays  imder  discussion 

is  presented  in  Fig.  3,  and  the  corresponding  values  are  compiled 

in  Table  6. 

TABLE  6 


Percentage  porosity  of  specimens  when  fired  to  the  temperatures,  ^C — 

Per 

cent 
burn- 
ing 
shrink- 
age at 
maii- 
mum 
tem- 
pera- 
ture 

Soft- 
tening 

point 
oi 

clay, 
stand - 

aid 
cones 

Clay 

1125 

1150 

1175 

1200 

1225 

1250 

1275 

1300 

1325 

1350 

1375 

A 

B 

C 

D 

E 

19.95 
4.40 
14.50 
12.50 
8.25 

18.13 
3.70 

10.90 
8.85 
6.12 

18.00 
3.75 
8.05 

6.77 
5.20 

16.68 
4.  10 
3.27 
6.83 
1,74 

15.83 
4.09 
3.25 
6.02 
2.25 

15.10 
4.41 
3.04 
3.44 

2.71 

12.53 
3.94 
3.06 

3.33 

12.93 
4.40 
3.96 
3.40 
3.21 

11.55 

3.37 
3.21 
3.60 

10.80 
3.72 
3.17 
3.66 
4.02 

8.00 
4.70 
3.12 
3.42 
7.02 

3.34 
8.01 
5.55 
8.05 
5.6 

28+ 

30+ 

32+ 

32 

32 

The  porosity  determinations  were  not  begun  until  a  temperature 
of  1 125°  C  was  reached.     The  initial  porosities  of  the  several  clays 
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at  this  point  afford  considerable  interest.  It  is  noted  at  once  that 
clay  A,  as  is  to  be  expected,  remains  most  porous  at  this  tempera- 
tm-e  while  clay  B  shows  the  greatest  contraction  and  has  reached 
a  state  of  advanced  v-itrification  and  density,  the  other  clays  ar- 
ranging themselves  within  these  extremes.  Between  this  and  the 
maximum  temperatiure,  1375°  C,  clay  A  becomes  slowly  denser 
corresponding  to  a  leisurely  progression  of  vitrification  while  clay 
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TEMPERATURE.  X- 

-Relation  between  burning  temperature  and  porosity 


B,  in  spite  of  its  advanced  \-itrification,  retains  this  condition  up.to 
1350°  C  when  it  begins  to  become  more  porous  owing  to  the  for- 
mation of  a  vesicular  or  spongy  structure  due  to  overbuming. 
This  is  truly  a  remarkable  behavior  for  a  clay  of  this  type.  While 
in  the  case  of  B  the  large  porosity  drop  from  the  most  porous  con- 
dition has  already  taken  place  below  1125°  C  it  still  proceeds  in 
all  of  the  other  clays,  being  slowest  in  the  case  of  A.  Materials  C 
and  E  reach  their  minimum  porosity  or  maximum  degree  of  vitri- 
fication at  1200°  C,  although  there  is  quite  a  difference  between 
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the  two  clays.  Clay  C  \^trifies  comparatively  rapidly  between 
1125°  and  1200°  to  a  porosity  of  3.27  per  cent,  which  causes  it  to 
be  denser  than  the  Klingenberg  clay,  and  retains  this  condition 
quite  consistently  up  to  and  beyond  1375°  without  any  evidence 
of  vesicular  structiire.  Its  burning  behavior  is  therefore  eminently 
satisfactory',  and  the  only  advantage  shown  by  the  Klingenberg 
clay  is  the  low  vitrification  temper ati.u'e,  a  consideration  of  im- 
portance in  graphite  crucibles  used  for  brass  melting  but  a  minor 
consideration  for  steel.  Material  E,  on  the  other  hand,  becomes 
very  dense  at  1200°  (1.74  per  cent  porosity),  but  immediately 
begins  to  show  increased  porosity,  due  to  overbturiing.  Clay  D 
shows  a  more  gradual  \-itrification  than  the  other  clays  with  the 
exception,  of  course,  of  A  and  reaches  a  density  somewhat  lower 
than  that  of  B  at  1250°  (3.44  per  cent  porosity).  It  retains  this 
condition  up  to  and  evidently  beyond  1375°.  It  shows,  therefore, 
a  most  excellent  burning  beha\4or,  and  would  seem  to  be  better 
adapted  for  graphite  crucibles  used  in  steel  making  than  the 
Klingenberg  clay.  As  far  as  graphite  crucibles  are  concerned 
clay  A  is  out  of  the  question,  though  it  appears  to  be  most  satis- 
factory as  a  glass  refractory.  Clay  E,  likewise,  is  to  be  eliminated 
because  of  its  ready  tendency  to  become  vesicular.  This  leaves, 
then,  the  clays  B,  C,  and  D  for  consideration.  For  crucibles  used 
at  lower  temperatures  the  Klingenberg  clay  is  without  doubt  the 
peer  of  these,  since  it  becomes  dense  at  a  low  temperature  (i  125° 
C)  and  thus  protects  the  graphite  from  oxidation.  For  higher 
temperature  work,  say,  above  1325°  C  and  D  have  the  better 
of  it.  Of  these  D  shows  the  more  refractory  behavior  and  C, 
having  evidently  a  higher  content  of  fluxes,  matures  at  a  lower 
temperature.  The  slower  vitrification  of  D  may  be  of  advantage 
in  some  cases  where  temperatures  above  1250°  are  involved  or  it 
may  be  a  disadvantage  at  lower  temperatures,  as  in  the  case  of 
graphite  crucibles,  where  it  may  leave  the  structure  open  too  long 
and  hence  cause  oxidation  of  the  carbon.  This  French  clay,  how- 
ever, appears  to  be  a  magnificent  material  for  glass  pots  and  other 
refractories  of  this  type.  Although  not  quite  as  excellent  the 
Kaschkau  clay  likewise  appears  to  be  promising  for  the  same 
purpose  from  the  standpoint  of  heat  behavior.  A  mixture  of 
either  C  or  D  with  A  would  result  in  a  most  satisfactory  combina- 
tion for  glass  refractories,  especially  since  the  ultimate  refractori- 
ness would  thus  be  improved. 

With  respect  to  biiming  shrinkage  at   1375°  C   the   clays  B 
and  D,  on  the  one  hand,  and  C  and  E,  on  the  other,  agree  sub- 
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stantially.     The  low  burning  shrinkage  of  clay  A  is  to  be  expected 
from  a  knowledge  of  its  properties. 

The  softening  temperatures  determined  indicate  that  clays  A 
and  E  are  the  least  refractory  materials,  a  point  not  of  primary 
importance  as  far  as  graphite  crucibles  are  concerned,  but  more 
\-ital  with  reference  to  glass  refractories.  Its  low  softening  tem- 
perature is  undoubtedly  a  drawback  of  the  Gross  Almerode  clay 
and  the  admixture  of  a  more  refractory  material  Uke  the  fire  clays 
of  the  St.  Louis,  Mo.,  district  would  be  very  desirable.  Clays  C, 
D,  and  E  are  about  of  the  same  refractoriness,  corresponding  to 
cone  No.  32,  which  is  typical  of  high-grade  fire  clays  and  exceeds 
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TEMPERATURE,  °C 
Fig.  4. — Relation  between  burning  temperature  and  apparent  specific  gravity 

that  of  the  ordinary  bond  clays  employed  in  the  manufacture  of 
fire  bricks. 

The  results  of  the  apparent  specific -gravity  determinations  upon 
the  clay  specimens  fired  to  different  temperatures  are  shown-  in 
Fig.  4.  Two  of  the  materials,  C  and  E,  show  rather  unusual 
specific-gravity  changes,  inasmuch  as  the  density  increases  mark- 
edly up  to  a  certain  temperature,  1350°  and  1325°,  respectively, 
and  then  drops  as  vitrification  proceeds.  The  other  clays  do  not 
exhibit  such  a  behavior,  though  material  A  undergoes  a  slight 
increase  in  density  previous  to  the  drop  associated  with  vitrifica- 
tion. The  most  marked  lowering  of  the  apparent  specific  gra\-ity 
is  observed  in  the  case  of  the  least  refractory  materials,  A  and  B, 


30 


Technologic  Papers  of  the  Bureau  of  Standards 


a  fact  in  agreement  with  the  observation  that  the  true  volume  of 
clays  increases,  coincident  with  vitrification,  irrespective  of  the  ex- 
ternal contraction  suffered  by  a  molded  piece.  From  the  data  of 
the  specific  gravity  values  clay  D  is  the  most  refractory  material, 
apparently  lowest  in  fluxes,  and  the  remaining  clays,  according  to 
their  refractoriness,  would  arrange  themselves  in  the  order  C,  E, 
B, and  A. 

3.  CHEMICAL  COMPOSITION 

Inspection  of  the  chemical  analyses  of  these  clays  (Table  7) 
throws  no  light  upon  the  physical  characteristics  of  the  materials. 
Certain  facts,  however,  are  of  interest,  such  as  the  ratio  of  silica 
to  alumina  and  the  contents  of  ferric  oxide,  lime,  magnesia,  potash, 
and  soda.  The  silicious  nature  of  the  Gross  Almerode  clay  at  once 
becomes  prominent  with  its  silica  content  of  73.08  per  cent.  None 
of  the  clays  approach  the  composition  of  kaolinite  (47  per  cent 
silica  and  39  per  cent  alumina)  closely.  The  titanium  oxide  con- 
tent is  high  in  samples  A  and  D.  The  percentage  of  ferric  oxide 
does  not  exceed  1.5  per  cent.  It  is  noted,  also,  that  clay  A  con- 
tains the  smallest  amounts  of  fluxes  (FejOs,  CaO,  MgO,  KjO,  and 
NajO),  1.92  per  cent,  this  value  being  4.63  for  B,  2.54  for  C,  2.19 
for  D,  and  4.62  for  E.  In  all  the  materials  but  A  the  clay  sub- 
stance varies  between  76  and  80  per  cent.  Clay  E  is  highest  in 
feldspar  and  lowest  in  quartz  content.  The  small  percentage  of 
feldspar  in  clay  D  is  remarkable.  The  low  \'itrification  tempera- 
ture of  B  is  explained  by  the  high  content  of  total  fluxes.  Prob- 
ably a  flux  content  of  about  3  per  cent  would  be  somewhat  more 

desirable. 

TABLE  7 


Clay 

Silica 

Alu- 
mina 

Tita- 
nium 
oxide 

Ferric 
oxide 

Lime 

Mag- 
nesia 

Pot- 
ash 

Soda 

Loss 
on  ig- 
nition 

Total 

Clay 
sub- 
stance, 
calcu- 
lated 

Quartz, 
calcu- 
lated 

Felds- 
pathic 
matter, 
calcu- 
lated 

Perct. 

Perct. 

Per  ct. 

Per  ct. 

Perct. 

Perct. 

Perct. 

Perct. 

Per  ct. 

Per  ct. 

Perct. 

Per  ct. 

Per  ct. 

A 

73.08 

15.75 

2.10 

0.62 

0.54 

0.33 

0.27 

0.16 

7.11 

99.96 

44.28 

53.03 

2.69 

B 

50.76 

29.26 

1.61 

1.51 

1.08 

.73 

.85 

.19 

14.24 

100. 23 

88.64 

12.86 

6.50 

C 

54.13 

29.06 

1.57 

.84 

.75 

.31 

.32 

.32 

12.63 

99.93 

78.46 

17.54 

4.00 

D 

55.40 

27.07 

2.40 

1.02 

1.04 

.42 

.06 

.05 

12.47 

99.93 

76.69 

22.63 

.68 

E 

52.11 

30.99 

1.10 

1.59 

1.26 

.10 

1.25 

.42 

11.20 

100.02 

78.37 

11.53 

10.10 

4.  COMPARISON  OF   CLAYS 


It  should  be  clearly  understood  that  each  particular  use  of  refac- 
tories  emphasizes  certain  specific  requirements  which  may  be  best 
met  by  a  certain  material.     This  may  be  illustrated  by  a  concrete 
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illustration.  The  bond  clay  serving  best  for  graphite  crucibles 
to  be  used  for  brass  melting  evidently  is  one  which  becomes  dense 
at  a  comparatively  low  temperature,  thus  excluding  the  oxygen 
of  the  air  from  the  carbon  grains  by  enveloping  them  with  a  pro- 
tective layer  of  clay. 

Summarizing  all  the  data  obtained  in  this  work,  it  is  evident 
that  the  KUngenberg  material  serves  this  purpose  best  up  to  a 
temperature  of  about  1350°  C,  and  probably  somewhat  higher, 
since  it  seems  that  the  admixture  of  graphite  tends  to  increase 
the  refractoriness  of  the  mass.  Although  this  temperature  limit 
would  include  also  that  required  for  melting  steel,  it  is  very  prob- 
able that  a  material  like  the  St.  Loupe  clay  would  be  superior  for 
this  purpose.  For  glass  refractories,  like  pots  and  tank  blocks, 
the  Gross  Almerode  type  of  material  seems  best  adapted  as  far  as 
its  physical  qualities  are  concerned ;  but,  as  has  been  stated  before, 
even  this  clay  could  be  improved  by  the  addition  of  a  more  refrac- 
tory plastic  bond  clay,  such  as  the  French  clay.  The  latter 
material  would  be  well  suited  as  a  bond  clay  for  glass  pots  if  it 
could  be  dried  somewhat  more  easily.  It  represents  probably  the 
best  all-around  plastic  fire  clay  of  this  series. 

5.  REPLACEMENT  OF  FOREIGN  BY  DOMESTIC   CLAYS 

The  question  of  replacing  the  plastic  clays,  imported  from 
Europe  in  considerable  quantities  up  to  the  outbreak  of  the 
European  war,  has  been  of  importance  to  the  industries  concerned. 
The  materials  which  are  chiefly  concerned  are  the  Gross  Almerode 
clay  for  the  glass  and  the  KUngenberg  clay  for  the  graphite  cruci- 
ble and  allied  industries.  The  physical  qualities  of  these  materials 
have  been  set  forth  in  detail  in  the  preceding  report. 

Some  of  the  users  of  such  materials  have  sought  to  replace  these 
clays  by  individual  American  clays.  There  is  no  reason  to  believe 
that  such  clays  can  not  be  found  in  the  United  States;  in  fact, 
materials  have  been  tested  in  this  laboratory  which  approach  the 
foreign  clays  in  quality.  It  would  be  far  better,  however,  to 
depend  upon  a  mixtiu-e  of  two  or  more  clays,  representing  both 
clays  of  the  open  and  more  refractory  and  of  the  dense  and  vitri- 
fying variety  to  secure  the  desired  condition.  Since  such  clays  as 
those  from  the  St.  Louis,  Mo.,  district  have  been  used  for  years 
with  good  success  in  glass-pot  mixtures,  in  conjunction  with  the 
European  clays,  it  would  not  be  difficult  to  supplement  their  qual- 
ities by  means  of  materials  vitrifying  at  lower  temperatures  and 
not  subject  to  overburning  within  a  considerable  temperature 
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range.  Such  clays,  it  is  true,  are  not  common,  but  may  be  found 
among  the  ball  clays  or  semiball  clays  of  Tennessee  and  Kentucky 
and  in  some  of  the  plastic  No.  2  fire  clays,  as  those  from  Pennsyl- 
vania and  Ohio.  It  is  important  to  realize  that  an  open  biuTiing 
clay  of  the  Gross  Almerode  type,  whether  it  be  like  the  plastic 
clays  from  Missouri  or  Xew  Jersey  or  the  silicons  clays  from 
Arkansas,  should  be  blended  with  one  or  more  clays  of  the  opposite 
type  and  not  with  materials  of  the  same  class,  a  mistake  which  is 
sometimes  made.  Likewise,  it  should  be  realized  that  a  bond 
clay  suitable  for  glass  work  is  not  necessarily  adapted  for  use  in 
graphite  crucibles  where  greater  density  of  structure  at  lower  tem- 
perattu-es  is  essential,  a  fact  strikingly  illustrated  in  the  difference 
between  the  properties  of  the  Gross  Almerode  and  Klingenberg 
clays.  By  adjusting  the  proportions  of  the  two  kinds  of  clay  and 
by  thorough  mechanical  blending  through  fine  grinding,  the  desired 
qualit}'  can  be  obtained  as  well  as  maintained  with  results  which 
should  be  superior  to  those  which  have  been  had  with  the  single 
imported  clays.  The  claim  that  no  American  clays  are  available 
which  answer  the  purposes  of  the  industries  involved  is  fallacious, 
a  fact  supported  by  actual  foundry  results  communicated  to  the 
writers.  Open-burning  plastic  clays  of  good  refractoriness  are 
found  in  Alabama,  Colorado,  Georgia,  Arkansas,  Illinois  (southern 
part),  Kentucky,  Missouri,  New  Jersey,  Ohio  (southern  part),  and 
Tennessee.  In  the  same  States,  and  frequently  close  to  other 
deposits,  dense  burning  clays  are  also  found,  to  which  must  be 
added  materials  of  this  class  found  in  Maryland.  There  is  no 
lack  of  materials,  and  it  is  a  question  only  of  selection. 

V.  SUMMARY 

Based  on  the  results  of  the  work  described  in  the  preceding 
pages,  the  writers  venture  to  suggest  certain  tentative  specifica- 
tions which  might  be  of  servnce  in  selecting  plastic  bond  clays. 
The  tentative  character  of  these  suggestions  is  emphasized  and 
it  is  realized  that  modifications  and  amplifications  will  be  necessary. 

Plastic  bond  clays  should  possess  a  considerable  water-shrinkage 
range,  one  of  about  40  per  cent  between  the  minimum  and  the 
maximum  water  contents,  permitting  of  molding  of  the  clay. 
In  the  case  of  silicious  clays,  allowance  should  be  made  for  the 
content  of  nonplastic  constituents  and  the  permissible  range 
reduced  to  20  per  cent,  pro\nded  the  materials  fulfill  all  other 
essential  requirements.  The  Atterberg  plasticity  number  should 
not  be  lower  than  50  nor  higher  than  1 10.     The  ratio  of  the  per- 
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centage  of  the  shrinkage  to  the  per  cent  of  pore  water  should  not 
be  greater  than  1:1.2.  The  total  water  content,  for  normal 
consistency,  expressed  in  terms  of  the  dry  weight,  should  be 
between  30  and  45  per  cent.  When  intimately  mixed  mth  50 
per  cent  of  potters  flint  (by  weight)  the  time  of  complete  dis- 
integration in  water  of  a  seven-eighth  inch  cube  in  the  dried  state, 
made  of  the  mixture,  should  not  be  less  than  50  minutes,  the 
water  being  at  room  temperature.  The  tensile  strength  of  the 
clay  in  the  plastic  state  should  be  close  to  4  pounds  per  square 
inch.  The  linear  drying  shrinkage  should  not  be  less  than  6.5 
and  more  than  10  per  cent  of  the  dry  length,  the  drying  to  be  done 
at  room  temperature. 

When  made  up  with  50  per  cent,  by  weight,  of  hard  burned 
grog,  which  passes  the  20-mesh  sieve  and  shows  residues  of  34 
per  cent  on  the  40  mesh,  27  per  cent  between  40  and  100  mesh, 
12  per  cent  between  100  and  150  mesh,  and  of  which  27  per  cent 
passes  through  150  mesh,  suitable  dried  test  specimens  should 
show  the  following  minimum  strengths:  Tensile  strength,  150 
pounds  per  square  inch;  modulus  of  rupture,  350  pounds  per 
square  inch.  The  drying  should  be  so  conducted  that  the  speci- 
mens are  kept  at  room  temperature  until  shrinkage  has  ceased, 
when  they  are  to  be  heated  to  75  and  110°  C,  respectively,  and  to 
constant  weight  in  each  case. 

Dried  specimens  of  the  clay  should  be  fired  in  a  suitable  kiln  at 
a  rate,  corresponding  to  a  temperature  increase  of  approximately 
20°  C  per  hour,  beginning  at  1000°  C  and  withdrawn  from  the  kiln 
at  intervals  of  20  or  25°  C.  Absorption  and  porosity  determina- 
tions should  be  made  upon  all  pieces.  The  clays  should  show  a 
porosity  of  not  more  than  10  per  cent  at  1 150°  C,  at  1 250°  approxi- 
mately 5  per  cent,  and  should  then  maintain  practically  constant 
porosity  up  to  1350°  in  the  case  of  materials  intended  for  graphite 
crucibles  used  in  brass  melting  and  1400°  for  crucibles  employed 
for  steel.  For  glass  refractories,  minimum  porosity  need  not 
occur  at  as  low  a  temperature,  nor  is  it  necessary  that  the  clay 
bum  to  as  dense  a  structure.  In  this  instance  the  porosity  at 
1350°  should  not  be  greater  than  10  per  cent  and  should  show 
no  increase  due  to  vesicular  structure.  The  linear  burning 
shrinkage  may  vary,  for  the  unmixed  clay,  from  5  to  8  per  cent, 
in  terms  of  the  dry  length,  and  should  not  exceed  the  higher  limit. 
The  softening  temperature  of  the  plastic  clays  should  not  be 
below  that  corresponding  to  cone  No.  30  and  for  glass  refractories 
it  would  be  desirable  to  have  it  higher. 
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The  percentage  content  of  total  fluxes,  FcjOj,  CaO,  MgO,  KjO, 
and  NajO  may  approach  5  per  cent  for  crucible  clays  but  should 
not  exceed  4  per  cent  for  clays  used  in  glass  refractories. 

The  writers  desire  to  express  their  thanks  and  appreciation  to 
the  Findlay  Clay  Pot  Co.,  Washington,  Pa.,  for  their  generous 
cooperation  and  assistance. 

Washington,  May  29,  191 6. 
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I.  INTRODUCTION 

The  question  of  the  microstructure  and  constitution  of  bodies 
consisting  of  mixtures  of  feldspar,  quartz,  and  clay  substance  is, 
indeed,  an  interesting  one  both  scientifically  and  technically. 
Feldspar,  quartz,  and  clay  (kaolin  and  ball  clay)  are  the  raw 
materials  which  enter  into  the  manufacture  of  white  ware  (porous 
non-vitreous)  bodies  as  well  as  in  the  manufacture  of  porcelain 
and  allied  (dense,  vitreous)  ware.  The  physical  and  chemical 
changes  affecting  these  materials  which  take  place  at  temperatures 
in  the  vicinit}'  of  those  employed  in  tlie  burning  of  commercial 
ware  are  of  interest  scientifically.  These  can  be  studied  by  the 
microscopical  examination  of  tlie  burned  product.  Furthermore, 
the  ability  to  determine  by  means  of  microscopic  methods  the 
approximate  composition  of  a  body  and  above  all  the  temperature 
range  at  which  tlie  body  has  been  burned  would  be  of  great 
technical  importance.  Within  limits,  all  this  data  can  be  deter- 
mined by  petrographic  microscopical  means.  This  method  of 
investigation  gives  much  information  that  can  not  be  determined 
by  purely  chemical  means  and  ought  to  become  an  important 
tool  in  the  hands  of  the  ceramic  investigator  as  well  as  the  technical 
ceramist. 

II.  LITERATURE 

The  literature  on  this  subject  is  voluminous.  The  first  investi- 
gators of  the  constitution  of  porcelain  were  Brongiartand  Malaguti.' 
They  observed  that  a  mixture  of  chemically  pure  silica,  alumina, 
lime  (carbonate),  and  potash  (as  carbonate)  in  the  proportions 
by  weight  which  were  obtained  by  the  analysis  of  Sfevres  porcelain 
gave  a  more  fusible  mass  than  when  the  oxides  were  originally  in 
chemical  combination  with  each  other.  Von  Bischof  -  showed 
that  the -chemical  constitution  of  tlie  raw  materials  was  of  impor- 
tance in  the  fonnation  of  porcelain.  According  to  G.  Rose,^  porce- 
lain is  either  a  mixture  of  feldspar  glass  and  kaolin  or  what  he 
considered  more  probable,  the  feldspar  and  kaolin  are,  either 
wholly  or  partially,  in  chemical  combination.  According  to  the 
microscopic  investigation  of  Behrens  *  the  kaolin  is  more  soluble 
in  the  molten  feldspar  tlian  the  quartz  in  the  formation  of  porce- 
lain. The  quartz  partly  retains  its  original  crystalline  condition 
wiiile  the  kaolin  exists  entirely  in  tlie  melt.  When  porcelains 
containing  quartz  are  burned  most  of  the  quartz  splinters  become 

'  Poss.  Ann.,  p.  89;  1843.  '  Pogg.  Ann..  66,  p.  97;  1845. 

2  Notizbl,  p.  i6j;  1875.  *  Pogg.  Ann.,  150,  p.  3S6;  1873. 
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rounded  tlirough  solution  and  are  covered  with  a  silicate  zone 
which  protects  tlie  quartz  from  further  solution,  especially  since 
the  groundmass  is  not  sufficiently  fluid  for  a  diffusion  of  the 
different  silicates.  According  to  Behrens  the  groundmass  of  a 
porcelain  undergoes  devitrification.  The  material  separating 
from  the  glass  is  dissolved  more  slowly  in  hydrofluoric  acid  than 
the  quartz  and  glass.  Seger  ^  reaches  the  following  conclusions 
in  his  investigations  on  the  changes  involved  in  the  burning  of 
porcelain.  "One  or  more  constituents  melt  and  have  a  solvent 
effect  on  the  rest  of  the  constituents.  The  xmdissolved  portion 
forms  a  solid  skeleton  which  holds  together  the  form  of  the  mass. 
At  higher  temperatures  solution  proceeds  and  the  pores  of  the 
mass  are  more  or  less  filled  with  the  liquid  phase,  until  finally  the 
pores  are  completely  filled  and  closed."  Seger  deduced  also  that 
the  influence  of  the  feldspar  on  the  kaolin  is  less  than  on  the 
quartz.  The  microscopic  studies  of  Hussak,'  who  examined  thin 
sections  of  several  porcelains  burned  at  different  temperatines, 
are  of  interest.  According  to  him  a  thin  section  of  a  very  low- 
burned  specimen  showed  no  change  in  the  mixture,  all  the  con- 
stituents being  doubly  refracting  and  clearly  distinguishable 
from  each  other.  With  an  increase  in  burning  temperature  the 
feldspar  begins  to  melt  and  the  formation  of  glass  begins;  the 
quartz  is  sharp  grained;  the  amount  of  kaolin  is,  however,  appar- 
ently smaller.  With  increased  heating  the  feldspar  for  the  most 
part  melts,  and  tlie  quartz  likewise  goes  into  solution.  With  a 
fiulher  increase  in  burning  temperature  a  still  smaller  amount 
of  feldspar  and  only  the  larger  quartz  grains  are  observed  in  a 
colorless  groundmass.  With  high  magnifications  a  network  of 
long,  thin,  weakly  doubly  refracting  needles  can  be  observed. 
Another  burning  affects  the  constituents  but  little,  there  being 
more  glass  and  gas  bubbles  present.  According  to  Hussak, 
therefore,  porcelain  consists  of  an  amorphous  groundmass  with 
a  few  large  quartz  grains,  a  few  large  gas  bubbles,  and  fine  needles 
resembling  sillimanite,  AlsOj.SiOj. 

Vemadsky  ■  heated  refractory  clay  at  white  heat  for  72  hours  and 
observed  small  prismatic  crystallites.  These  were  optically  posi- 
tive, showed  an  extinction  parallel  to  the  prismatic  axis,  and  were 
not  soluble  in  cold  concentrated  hydrofluoric  acid.  He  observed 
similar  but  better  developed  crystallites  by  heating  a  mixture  of 
alumina  and  silica  in  the  molecular  ratio  of  1:2  to  about  1 400°. 


&Tonmd.  Zeit..  p.  272;  iS;6.        ^  Sprechsaal,  p.  153;  1SS9.        '  Bull,  dc  ja  Soc.  fr.  dciMin..  1^,  p.  256;  1890. 
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The  needles  often  lay  around  unmolten  alumina  or  siUca.  Iso- 
lated crystals  analyzed  37.31  per  cent  SiO,  and  63.65  per  cent  AI2O3 
which  agrees  closely  with  the  theoretical  analytical  figures  for 
AUOj.SiO,,  viz,  37.02  per  cent  SiO,  and  62.98  per  cent  AljOj.  Ver- 
nadsky  also  found  that  the  two  other  modifications  of  AUOs.SiO,, 
cyanite  and  andalusite,  changed  to  sillimanite  at  1320°  to  1380°. 
The  latter  has  also  been  observed  by  other  investigators. 

Mellor  *  obser\'ed  crystallized  sillimanite  in  Chinese  and  Berlin 
porcelain  and  held  the  same  views  concerning  its  formation  as 
Vernadsky. 

Glasenapp  ^  came  to  the  following  conclusions  as  a  result  of  his 
microscopic  studies:  All  clays  dissociate  at  a  sufficiently  high 
temperature  into  a  glassy  groundmass  and  a  crystalline  portion. 
Their  dissociation  increases  with  increasing  temperature  and  with 
the  duration  of  burning.  He  beUeved  that  the  glassy  groundmass 
was  richer  in  silica  and  that  the  crystalline  material  was  higher  in 
alumina. 

Plenske  "  has  investigated  the  microstructure  and  formation  of 
porcelain.     He  divides  porcelains  microscopically  as  follows: 

I.  Porcelain  without  crystallites  in  which  he  notes  quartz  grains 
of  2  to  30  At  in  diameter  with  sharp  edges  and  faces,  very  little  being 
dissolved.  Kaolin  has  lost  its  crystal  outline  but  occurs  as  an 
aggregate  of  curled  up  amorphous  grains  2  to  6  ju  in  diameter. 
Gas  bubbles  are  also  noted. 

n.  Porcelain  with  very  few  isolated  crystallites,  which  he  notes 
in  a  glass}^  groundmass,  amorphous  AL03.2Si02,  quartz,  bubbles 
and  prism  crystaUites  showing  double  refraction,  parallel  extinc- 
tion, and  positive  optical  character.  They  may  attain  20  n  in 
length.     Only  a  small  quantity  of  quartz  is  dissolved. 

III.  Porcelain  with  larger  groups  of  crystals  consisting  of  a 
glass}'^  groundmass,  with  large  groups  of  crystallites,  cloudy 
amorphous  Al203.2Si02,  quartz  more  or  less  corroded,  with  a 
zone  of  glass  rich  in  silica.  The  crystallites  occur  irregularly, 
also  grouped  in  parallel  order  and  sometimes  they  show  lattice 
structure. 

IV.  Porcelain  with  larger  groups  of  crystallites.  This  type 
shows  an  equal  distribution  of  many  crystallites  in  a  glassy  ground- 
mass.  The  quartz  varies  greatly  in  amount  and  is  more  or  less 
cop-oded.     Amorphous    Al203.2Si02    is    observed.     According  to 

^  ,T.  Soc.  Chem.  Ind.,  26,  p.  375;  1907. 

^  Touiud.  Ztg.,  31,  p.  1167;  1907. 

■"  Sprechsaal.  41,  nos.  20.  21.  22.  190S;  Tonind.  Zeit..  3*2.  pp.  1343-1345.  1908. 
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Plenske,  the  vitrification  of  porcelain  proceeds  as  follows:  The 
feldspar  on  fusion  dissolves  the  kaolin  and  quartz,  but  more  of  the 
former  than  of  the  latter.  The  large  quartz  grains  are  dissolved 
at  the  edges.  On  cooling,  the  crystals  of  silHmanite  are  formed 
by  devitrification,  while  in  places  where  all  the  quartz  is  dissolved, 
glass  is  noted  as  the  result  of  cooUng.  KaoUn  burned  in  the  high 
glost  fire  appears  amorphous  with  but  few  crystals,  due  to  the 
fluxing  action  of  impurities.  In  kaolin-quartz  bodies  no  mutual 
chemical  reaction  takes  place.  Quartz-feldspar  mixtures  show 
mutual  solution.  Kaolin-feldspar  mixtures  show  amorphous 
AljOj.SiOj  in  cloudy  form  deposited  in  the  feldspar  glass,  a  phe- 
nomenon observed  in  porcelain.  In  part,  solution  has  taken  place 
with  subsequent  crystallization  of  silHmanite.  The  crystals  of 
sillimanite  appear  only  with  a  content  of  50  per  cent  clay  sub- 
stance and  are  best  developed  in  75  per  cent  clay  substance  and  25 
25  per  cent  feldspar.  With  a  ratio  of  i  clay  to  3  feldspar  no 
devitrification  takes  place.  The  longer  and  higher  the  burn  the 
greater  is  the  number  of  crystals  formed,  excepting  in  those  bodies 
high  in  feldspar  burned  at  cone  9  or  below.  Porcelain  thus  appears 
to  be  hypocrystalline  and  porphyritic,  consisting  of  a  glassy 
groundmass,  amorphous  AkOs.aSiO,,  corroded  crystals  of  quartz, 
sillimanite  and  cavities,  or  bubbles. 

A.  Zoellner"  made  a  painstaking  study  of  porcelain.  His 
work  consisted  in  the  preparation  of  porcelain  bodies,  their  mi- 
croscopic study,  and  the  separation  of  the  crystalline  portion  by 
means  of  dilute  hydrofluoric  acid  (30  to  35  per  cent).  He  found 
that  feldspar  at  the  temperature  of  the  porcelain  kiln  may  dis- 
solve 3.5  per  cent  alumina,  14  per  cent  clay  substance,  and  60  to 
70  per  cent  quartz.  These  relations  are  not  changed  in  the  pres- 
ence of  more  than  two  components.  Hard  porcelain  consists  of 
a  glassy  groundmass  filled  with  numerous  needle-like  crystals, 
corroded  quartz,  and  many  air  bubbles.  The  crystals  agree 
optically  with  sillimanite.  Porcelain  burned  at  a  temperature 
lower  than  cone  1 2  shows  fused  feldspar,  partially  attacked  quartz, 
and  an  amorphous  siHcate,  probably  dehydrated  clay  substance. 
The  analysis  of  the  residue  from  Seger  porcelain  and  two  other 
porcelains,  isolated  with  hydrofluoric  acid,  showed  its  molecular 
raito  of  SiOj  :  AkOj  to  be  i  :  i ,  confirming  the  optical  evidence  of 
the  presence  of  sillimanite.  All  the  sillimanite  is  derived  from 
the  kaolin  or  clay  substance  and  is  not  due  to  devitrification  (as 

"  Sprechsaal,  41,  pp.  471-473  and  533-536. 
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Plenske  held),  but  to  a  molecular  change  of  the  clay  substance, 
an  action  which  is  accelerated  by  the  presence  of  fluxes.  Clay 
substance  is  thus  split  up  into  an  amorphous,  glassy  silicate  higher 
in  silica  and  into  the  crystalline  silicate  higher  in  alumina,  silli- 
manite.  Optical  or  chemical  examination  offers  a  means  of  dis- 
tinguishing between  hard-burned  and  soft-burned  porcelain,  the 
formation  of  sillimanite  being  the  criterion. 

Watts"  comes  to  the  following  conclusions : 

A  hard  feldspar  will  do  no  more  than  bond  the  other  consti- 
tuents at  temperatm-es  lower  than  cone  9.  The  clay  substance 
is  first  dissolved  in  the  feldspar  glass  and  later  the  flint  particles 
begin  to  be  dissolved,  until  at  cone  10  the  porcelain  begins  to  show 
evidence  of  sillimanite  crj^stallization.  At  cone  13  a  hard  feld- 
spar becomes  completely  fused  and  fluid,  permitting  such  crys- 
tallization as  conditions  and  other  ingredients  will  allow. 

III.  PRESENT  INVESTIGATION 

In  order  to  obtain  as  much  information  as  possible  on  the  con- 
stitution and  miscrostructure  of  porcelain,  it  was  decided  to 
investigate  the  changes  involved  in  each  of  the  raw  materials  by 
burning  at  various  known  temperatures,  in  systems  consisting  of 
two  of  the  raw  materials,  and  in  what  might  be  classed  as  a  ternary 
system  of  the  three  raw  materials,  feldspar,  quartz,  and  clay 
substance.  Furthermore,  it  was  proposed  to  examine  commer- 
cial specimens  representing  the  technical  practice  in  various 
countries. 

Both  the  method  of  immersed  grains  and  that  of  thin  sections 
were  used  in  the  petrographic  examinations.  The  latter  method 
is  too  well  known  for  extensive  comment,  and  it  suffices  here  to 
state  that  the  thin  sections  were  ground,  prepared,  and  mounted 
in  the  usual  manner.  This  method  was  used  only  for  photog- 
raphy and  as  an  adjunct  to  the  method  of  immersed  grains  to 
furnish  data  on  the  structural  relationship  of  the  constituents; 
but  even  here  it  was  Uraited  in  the  scope  of  its  applicability, 
owing  to  the  extreme  minuteness  and  intergrown  character  of 
some  of  the  constituents. 

For  the  determination  of  tlie  physical  and  chemical  changes 
taking  place  in  tlie  burning  of  the  specimens  and  to  obtain  reliable 
data  concerning  their  constitution,  the  method  of  immersed  grains 
was  employed.     It  furnished  information  to  some  extent  regarding 

^- Trans.  Am.  Cer.  Soc. .  11,  pp.  1S5-201;  1909. 


Constitution  and  Microstructure  of  Porcelain  9 

structural  relations,  especially  where  observations  had  to  be  made 
with  high  magnifications  on  poorly  developed  material.  The 
metliod  consisted  of  detaching  a  small  piece  of  the  specimen  to  be 
examined,  tapping  it  to  a  powder  of  the  desired  fineness  and 
immersing  portions  of  the  powder  in  liquids  of  known  indices  of 
refraction.  The  advantages  of  this  method  over  that  of  thin  sec- 
tions in  the  study  of  artificial  silicates  has  been  repeatedly  shown 
by  the  Geophysical  Laboratory  in  their  researches  and  by  our 
laboratory  in  the  studies  on  the  constitution  and  hydration  of 

Portland    cement. 

A.  FELDSPAR 

The  melting  points  and  thermal  relations  of  the  feldspars  have 
been  thoroughly  investigated.  Orthoclase  and  microcline  are 
used  almost  exclusively  in  tlie  production  of  porcelain,  although 
some  of  the  plagioclases  may  occvu-  as  impurities  in  the  feldspar 
raw  material.  According  to  many  investigators,  orthoclase  melts 
below  1200°  to  an  apparently  solid  isotropic  phase.  The  melting 
interval  is  not  sharp  but  extends  tlirough  quite  a  range  of  time. 
As  the  temperature  is  raised  above  the  melting  point,  the  viscosity 
of  the  isotropic  phase  is  lowered  and  eventually  at  about  1300° 
the  isotropic  phase  forms  a  thick  viscous  liquid  which  is  extremely 
resistant  to  devitrification. 

The  plagioclases  form  a  complete  isomorphous  series  with  albite 
and  anortliite  as  end  members.  According  to  Bowen  "  albite 
melts  at  iioo°±io°  and  anorthite  at  i55o°±2°.  He  has  also 
determined  the  solidus  and  liquidus  temperatures  for  all  the  inter- 
mediate concentrations,  and  the  curves  representing  these  tem- 
peratures are  typical  for  completely  isomorphous  series. 

B.  SILICA 

Concerning  the  thermal  properties  of  silica,  Fenner  '*  reports 
the  following : 

a  quartz  (stable  at  ordinary  temperatures)  inverts  to  /3  quartz 
a-t  575°.  At  870° ±  10°  with  the  aid  of  sodium  tungstate  as  a  flux, 
/3  quartz  inverts  to  jSj  tridymite,  and  with  the  same  flux  at 
i470°±io°  (82  tridymite  inverts  to  /S  cristobalite  which  melts  at 
1625°.  With  an  absence  of  mineralizer  and  with  fairlyrapid  cooling, 
)3  cristobalite  does  not  revert  to  182  tridymite,  nor  does  /3j  tridymite 
revert  to  /3  quartz.  j8  cristobalite  reverts  readily  to  a  cristobalite 
at  about  i8o°-2  7o°  and  jSj  tridymite  reverts  likewise  to  /S^  tridA-mite 

"Z.  Anorg.  Chem.,  82,  pp.  283-307;  Am.  J.  Sd..  S5,  pp.  577-599.  1913- 
^*  J.  Wash.  Acad.  Sci..  II,  p.  20.  191  =  ;  Am.  J  Sci..  S6,  pp.  331-384.  1913. 
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at  .163°.  The  latter  compound  reverts  to  a  tridymite  at  117°. 
Time  is  a  great  factor  in  the  quartz-tridymite  and  tridjinite- 
cristobalite  inversions.  It  is  easily  possible  to  heat  quartz  rapidly 
enough  so  that  it  will  invert  above  1400°  at  once  to  cristobalite 
with  probably  only  a  small  quantity  of  tridymite.  With  the 
thermal  behavior  of  feldspar  and  quartz  well  established,  it  was 
thought  unadvisable  to  go  over  this  ground  again. 

C.  KAOLIN 

Kaolin  is  an  inclusive  term  applied  to  compounds  of  the  general 
type  Al2O3.2SiO2.2H2O  (kaolinite).  Some  of  the  white  burning 
clays  approach  the  composition  of  pure  kaolin  very  closely. 

Kaolin  is  a  material  concerning  whose  behavior  on  heating 
many  and  varied  opinions  have  been  held.  It  is  known,  for  exam- 
ple, tliat  the  combined  wa.ter  is  lost  within  a  certain  temperattu^e 
range.  LeChatelier,  Hillebrand,  F.  W.  Clarke,  McNeil,  Knote, 
Ashley,  Mellor  and  Holdcroft,  Rieke,  and  otliers  have  found  dif- 
ferent endothermic  ranges.  Perhaps  the  most  authoritative 
investigation  of  tliis  problem  is  that  of  Brown  and  Montgomery.'^ 
They  found  that  the  combined  ^vater  is  expelled  at  comparatively 
low  temperatures,  so  that  even  at  450°  the  bulk  of  it  may  be 
driven  off.  In  heating  clay  to  constancy  of  weight  at  different 
temperatures,  the  velocity  of  the  dehydrating  reaction  is  very 
slow  at  first  and  becomes  suddenly  rapid  at  500°.  The  remaining 
portion  of  the  water  is  removed  more  slowly  so  that  a  tempera- 
ture of  not  less  than  800°  is  required  to  accomplish  complete 
expidsion. 

Fmlhermore,  an  exotliermic  energy  change  was  noted  at  about 
925°  by  Le  Chatelier  and  by  Ashley,"^  and  at  about  900°  by  Mellor 
and  Holdcroft."  From  a  study  of  the  hygroscopicit)',  specific 
gravity,  and  solubilities  in  hydrochloric  acid  of  clays  heated  to 
600°  to  700°,  Mellor  and  Holdcroft  concluded  tliat  above  500° 
kaolin  dissociates  into  free  alumina,  free  silica,  and  water.  The 
exothermic  change  noted  may  be  a  phj-sical  change  of  the  alumina. 
The  formation  of  sillimanite  at  higher  temperatures  is  tlien  due  to 
a  recombination  of  a  part  of  the  free  silica  with  alumina. 

Sokoloff  **  from  his  study  of  the  solubility  in  hydrochloric  acid  of 
clays  heated  to  various  temperatures,  reached  conclusions  similar 
to  those  of  Mellor  and  Holdcroft. 

'^  Bureau  of  Standards  Tech.  Paper  No.  21,  i  913.  '"  Trans.  Eng.  Ceram.  Soc.,  10,  pp.  94-120. 

IS  J.  Ind.  Eng.  Chem.,  3,  pp.  91-95, 1910.  '^  Tonind.  Zeit.,  06,  pp.  1107-1111. 
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In  the  present  investigation  two  fairly  pure  kaolins  were  used,  a 
washed  North  Carolina  kaolin  and  an  English  kaolin.  The  chem- 
ical analyses  were  as  follows : 


North 
Carolina 


S102. 

AlsOj 
CaO. 


Per  cent 

45.80 

38.es 

.91 
.26 


English 


Per   cent 

47.68 

37.73 

.70 

.16 


North 
Carolina 


MgO 
NaoO 
KsO. 
H.O. 


Per  cent 

0.11 

.05 

.23 

14.00 


English 


Per  cent 

0.46 

.06 

.67 

12.55 


The  microscopic  examination  of  the  North  Carolina  kaolin 
showed  that  the  chief  constituent  was  a  kaolinitic  material  which 
occurred  in  extremely  small  flaky  grains.  These  grains  appeared 
mainly  amorphous,  although  a  low  order  gra}'  interference  color 
was  obserA'ed  on  a  few.  Due,  however,  to  the  low  birefringence 
and  the  minuteness  of  the  grains,  interference  figures  could  not  be 
obtained.  The  index  of  refraction  was,  however,  about  1.55.  In 
addition  were  noted  quite  a  quantity  of  sericite,  a  smaller  amount 
of  fine-grained  quartz,  and  an  extremely  small  amount  of  biotite 
in  greenish  brown  flakes. 

Kaolinitic  material  was  the  chief  constituent  of  the  English- 
kaolin.  It  was  noted  in  very  fine  flaky  grains  which,  however, 
were  larger  than  those  of  the  North  Carolina  kaolin,  and  showed 
more  of  a  tendency  toward  anisotropy.  Indistinct  biaxial  nega- 
tive interference  figures  were  obtained,  and  the  mean  index  of 
refraction  was  found  to  be  1.55.  Sericitic  mica  was  observed  in 
a  larger  amount  than  in  tlie  North  Carolina  material,  but  no 
biotite  was  noted.  A  small  amount  of  quartz  was  observed,  which 
was  coarser  grained  than  the  other  constituents. 

.Both  of  these  kaolins  were  heated  in  a  platinum  resistance  fur- 
nace for  five  hours  at  600°  and  for  two  hours  at  each  of  the  fol- 
lowing temperatures:  900°,  1100°,  1200°,  1300°,  1400°,  1450°,  and 
1 500°.     A  microscopic  examination  was  made  of  each  of  the  burns. 

The  examination  of  these  specimens  revealed  the  following  facts : 
As  soon  as  the  water  of  combination  was  driven  off,  the  kaolinitic 
material  became  entirely  isotropic,  but  the  index  of  refraction 
altered  to  only  a  slight  extent.  Then  there  was  no  profound 
change  noted  in  the  optical  properties  until  the  temperature  of 
burning  reached  upward  of  1 200°.  At  this  point  there  was  noted 
a  beginning  of  an  incipient  dissociation  of  the  kaolinitic  material 
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which  became  manifest  by  the  formation  in  very  small  amounts 
of  two  isotropic  substances,  one  of  which  had  an  index  lower  than 
1.50  and  the  other  had  an  index  higher  than  1.60.  They  were 
extremely  intergro%\'n  and  showed  no  attempt  toward  ciystal  form. 

The  dissociation  remained  incipient  until  a  burning  tempera- 
ture of  1400°  was  reached,  when  a  complete  dissociation  occurred 
and  the  two  isotropic  compounds  noted  above  were  formed. 
The  higher  refracting  isotropic  material  showed  no  crystalline 
development,  but  occurred  as  extremely  minute,  almost  sub- 
microscopic,  irregular  to  rounded  grains  intimately  intergrown 
with  the  lower  refracting  product  of  dissociation.  The  effect  was 
such  that  due  to  reflection  and  refraction  of  light  passing  through 
them  tliese  grains  of  dissociated  kaolin  appeared  cloudy  and 
brownish  in  color.  In  addition  there  were  noted  a  few  aggregates 
of  minute  thin  prismatic  crystals.  These  were  apparently  iso- 
tropic, being' too  thin  to  show  distinct  interference,  and  the  index 
of  refraction,  which  could  not  be  olitained  acctu-ately,  was  greater 
than  1.60. 

Between  1400°  and  1450°  nearly  all  the  minute  isotropic  higher 
refracting  grains  assumed  a  prismatic  development.  Most  of 
these  minute  needle  crystallites  v.-ere  so  thin  as  to  be  apparently 
•isotropic,  and  their  length  was  not  over  o.oi  mm.  For  the  most 
part  they  exhibited  no  regular  orientation,  but  occasional!}-  they 
showed  parallel  grouping  and  sometimes  these  parallel  grouped 
aggregates  intersected  each  other  at  an  angle  of  60°,  giving  rise 
to  a  lattice  structiu-e.  Occasionally  an  aggregate  of  these  needles 
showed  a  first  order  gray  to  white  interference  color.  The  extinc- 
tion was  tlaen  noted  parallel  to  the  prism  axis,  and  tlie  character 
of  the  principal  zone  was  positive.  The  index  of  refraction  was 
about  1.64.  Interference  figures,  although  not  often  obtained, 
were  biaxial  and  the  optical  character  was  positive.  The  plane  of 
tlie  optic  axis  was  parallel  to  the  prism  axis.  These  optical  prop- 
erties agree  with  those  given  for  the  mineral  sillimanite,  ALOs-SiOj. 

The  evidence  points  to  the  fact  that  these  needle  crystals  result 
directl}'  from  tlie  crystallization  of  the  amorphous  higher  refracting 
compound  noted  in  specimens  burned  at  1400°,  since,  firstly,  the 
latter  disappear  witli  the  formation  of  the  needle  crystallites,  and 
secondly,  in  the  specimens  burned  at  1450°  a  slight  amount  of 
amorphous  high  refracting  material  was  noted,  from  which  minute 
needle  crystals  extended,  showing  this  crystallization  in  an  incipi- 
ent state.  It  therefore  seems  certain  that  this  amorphous  material 
is  no  more  nor  less  than  an  amorphous  phase  of  sillimanite,  and 
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its  formation  results  from  the  dissociation  of  the  kaohn  molecule 
before  there  is  sufficient  mobUity  for  molecular  orientation  in  any 
definite  crystalline  form. 

D.  FELDSPAR-QUARTZ  SERIES 

The  feldspar  used  was   a  Maine  feldspar  with  the  following 
analysis: 

Per  cent. 

SiOn 

AI263 

Fe,03 

CaO 

MgO 

NajO 

K,0 


17 

5" 
36 

3° 

22 

12 

3 

64 

6 

90 

98 

10 

It  consisted  for  the  most  part  of  orthoclase  with  a  small  amount 
of  plagioclase  having  a  composition  about  that  of  albite  oligoclase. 
In  addition,  quartz  and  muscovite  and  microcline  were  noted  in 
approximately  equal  amounts.  A  quantitative  microscopical  de- 
termination of  the  quartz  and  muscovite  gave  a  value  of  10  per 
cent,  indicating  the  presence  of  aliout  5  per  cent  quartz  and  5  per 
cent  mica. 

The  following  mixtures  (see  Fig.  i)  were  prepared  and  burned  at 
1340°  and  at  1460°: 


Mark 

Feldspar 

Quartz 

Mark 

Feldspar 

Quartz 

F-5  . 

Percent 
95 
90 
83 
80 
75 

Per  cent 

5 
10 
15 
20 
25 

F-30 

F  35 

Per  cent 

70 
65 
bO 
55 
50 

Per  cent 
30 

F-10 

35 

E-15  .. 

F-40 

F-4S . 

F  50-. 

40 

F-20 

45 

F-25 

The  mi.xtures  made  up  to  the  above  percentages  were  each 
placed  in  a  refractory  unglazed  chemical  porcelain  crucible  and 
heated  in  a  large  down-draft,  gas-fired  kiln,  using  compressed  air. 
The  total  time  consumed  in  making  a  run  was  about  24  hours,  and 
the  kiln  was  kept  at  the  desired  temperature  for  2  to  3  hours. 

F-5  {1340°). — The  microscopic  examination  revealed  the  fact 
that  the  feldspar  melted  entirely  to  a  glass  and  that  the  quartz 
was  present  as  irregular  grains  showing  more  or  less  angularity  and 
but  a  small  amount  of  solution  in  the  feldspar  glass  as  was  evi- 
denced by  a  slight  rounding  of  the  corners  and  edges  of  the  smaller 
grains.     Quantitative  microscopical  determinations  of  the  amount 
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of  undissolved  quartz  present  gave  an  average  of  about  9  per  cent. 
Since  about  5  per  cent  quartz  was  present  originally  in  the  feldspar 
and  5  per  cent  was  added,  it  can  be  seen  that  only  a  small  amount 
of  solution  took  place. 

F-io  {1340°). — This  specimen  showed  exactly  the  same  struc- 
tiu-e  as  F-5,  but  for  the  increased  amount  of  quartz.  Grains  of 
the  latter  showed  but  little  rounding  and  the  quantitative  micros- 
copic determinations  indicated  that  about  15  per  cent  was  present. 

F-15  to  F—jo  (1540°).— These  specimens  resembled  each  other 
as  well  as  F-5  and  F-io  in  constitution  and  structure.  They 
differed  from  each  other  in  the  increasing  quartz  content  and  the 
correspondingly  decreasing  feldspar  glass  content.  In  all  cases 
the  amount  of  quartz  dissolved  was  small,  and  only  the  smaller 
grains  showed  slight  but  appreciable  rounding  due  to  solution. 
(See  Figs.  2,  3,  4,  and  5.)  The  quantitative  determinations  of 
quartz  present  affirmed  the  statement  that  the  solubility  of  the 
quartz  at  this  temperatm-e  is  comparatively  small.  F-40  which 
originally  contained  about  43  per  cent  quartz  gave  an  average  of 
about  40  per  cent  present.  Likewise  F-45 ,  whose  quartz  content 
must  originally  have  been  about  48  per  cent,  gave  an  average  of 
about  45  per  cent  present. 

F-5,  etc.  {1460°). — The  quartz  dissolved  in  the  feldspar  glass  in 
all  the  specimens  except  F-40,  F-45,  ^^id  F-50.  In  these  speci- 
mens there  was  a  trace  of  quartz  left  which  was  noted  in  very 
small  round  grains.  (See  Fig.  6.)  For  all  practical  piuposes  it 
may  be  said  that  quartz  dissolves  in  a  feldspar  melt  at  1460°  at 
least  to  the  concentration  of  50  per  cent  quartz  to  50  per  cent 

feldspar. 

E.  FELDSPAR-KAOLIN  SERIES 

The  same  Maine  feldspar  was  used  in  this  series  as  was  used  in 
the  feldspar-quartz  series.  The  kaolin  was  the  washed  North 
Carolina  kaolin  described  previously. 

The  following  mixtures  (see  Fig.  i)  were  prepared  and  burned 
at  1340°  and  at  1460°. 


Mark 

Feldspar 

Kaolin 

Mark 

Feldspar 

Kaolin 

C  5  .                 

Per  cent 
95 
90 
85 
80 
75 

Per  cent 
5 
10 
15 
20 
25 

C-30 

Per  cent 

70 
65 
60 
55 
50 

Percent 

30 

C-10 

C-35 

35 

c-is..          

C^O 

40 

C-45 

45 

C-25 

C-50 

50 
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The  data  on  burning  is  identical  with  the  data  given  on  the 
burning  of  the  feldspar-quartz  series. 


%  compos/// 0/1 


/fqo///7 


/^e/a'^yoar^  Ouarrz 


Fig.  I. — Ternary  diagram  showing  the  compositions  of  the  laboratory-prepared  bodies 

examined. 

C~3  {1340°) . — In  this  specimen  the  feldspar  melted  entirely  to 
a  glass  containing  inclusions  of  quartz,  which  was  introduced  as 
an  impmrity  in  the  feldspar  and  kaoHn  raw  materials,  and  alumi- 
num silicate.  The  quartz  inclusions  showed  but  little  solution,  as 
indicated  by  a  slight  rounding  of  the  sharp  comers  of  the  small 
grains,  whereas  the  larger  grains  were  angular.  There  appeared 
to  be  no  profound  difference  in  the  refractive  index  between  the 
glass  adjacent  to  the  quartz  grains  and  the  glass  at  a  distance 
from  them. 

The  original  kaolinitic  material  dissociated  entirely  into  silica 
and  aluminum  silicate.  The  former  lost  its  entire  identity  in  the 
feldspar  melt,  whereas  the  latter  was  observed  in  apparently  iso- 
tropic aggregates  of  almost  submicroscopic  indi\'iduals  whose 
index  (greater  than  1.60)  was  much  higher  than  that  of  the  glass. 
If  crystallization  had  taken  place  at  all,  the  prismatic  crystallites 
were  less  than  0.002  mm  in  greatest  dimension. 

C-Jo,  etc.  {ij4o°). — In  all  the  specimens  of  the  series  the  feld- 
spar melted,  and  quartz  dissolved  in  the  feldspar  glass  to  only  a 
small  degree.  The  kaolinitic  material,  however,  differs  somewhat 
in  the  various  specimens.     In  C-io  the  condition  of  the  aluminum 
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silicate  was  the  same  as  in  C-5;  it  was  apparently  amorphous 
sillimanite.  (See  Fig.  7.)  In  C-15  a  few  sillimanite  needle  crys- 
tallites were  observed  and  the  amount  increased  as  the  kaolin 
content  increased,  at  least  up  to  the  kaolin  concentration  of  C-50. 

C-j  (1460°). — Microscopically  this  specimen  consisted  of  a 
homogeneous  isotropic  glass,  showing  neither  quartz,  amorphous 
sillimanite,  nor  sillimanite  crj^stallites.  Of  particular  interest  was 
the  complete  solution  in  the  feldspar  glass  of  the  small  amount  of 
aluminum  silicate  present  at  1340°. 

C-io,  etc.  {1460°). — In  these  specimens  the  quartz  had  practi- 
cally all  dissolved,  since  at  most  only  a,  trace  of  minute  rounded 
grains  was  observed.  Sillimanite  needles  (see  Fig.  8)  occurred 
in  all  the  specimens  in  increasing  amounts  as  the  kaolin  content 
increased.  The  needles  were  perfectly  developed  and  were  com- 
paratively large.  For  the  most  part  they  possessed  no  definite 
orientation,  although  occasionally  the  parallel  grouping  and  the 
lattice  structure  described  previously  were  noted. 

F.  FELDSPAR-QUARTZ-CLAY  BODIES 

I.  First  Series  (High  Quartz,  Low  Feldspar). — The  speci- 
mens of  this  series  were  prepai^ed  by  Bleininger  and  Tee  tor  in 
their  study  on  the  -\riscosity  of  porcelain  bodies.''  The  data  on 
their  composition  and  burning  will  be  given  here  but  briefly,  since 
it  may  be  found  in  full  detail  in  the  report  of  their  work. 

The  compositions  are  indicated  in  Table  2  and  Fig.  i.  These 
must  be  regarded  as  approximate  only,  since  they  do  not  repre- 
sent the  analyses  of  the  binned  specimens,  but  are  calculated 
from  the  analyses  of  the  raw  materials  given  in  Table  i .  It  may 
be  noted  that  these  bodies  are  comparatively  high  in  quartz 
content  and  low  in  that  of  feldspar.  Some,  in  fact,  simulate  the 
composition  of  typical  whiteware  bodies.  The  clay  used  was  a 
mixtiu-e  of  five  parts  of  North  Carolina  kaolin,  one  part  Georgia 
kaoHn,  and  one  part  Tennessee  ball  clay.  The  firing  of  all  the 
specimens  for  the  viscosity  investigation  was  carried  to  the  fol- 
lowing temperatures:  1065°,  1100°,  1125°,  1160°,  1190°,  1220°, 
1250°,  1280°,  1310°,  so  that  each  specimen  examined  microscop- 
ically was  subjected  to  nine  difi'erent  burnings  between  1065°  and 
1310°.  Furthermore,  these  specimens  after  having  been  examined 
were  rebumed  at  1400°  for  observation  concerning  the  changes 
involved  between  1310°  and  1400°. 

'^  Bureau  of  Standards  Tcchn.  Paper  No.  30;  1914. 
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Fig.  2. — Shoiaiic/  the  boJy  coiiluiiiii,,/  yu  /c;  i,.  ni  j\ldipai  ami  lo  per  cent 
quartz  burned  at  1340°.  Note  the  evidence  of  only  a  small  amount  of 
solution  of  the  quartz  in  the  feldspar  glass.  This  photograph  was  taken 
in  ordinary  light.     Magnification^ 300  dianutcrs 


Fig.  3. — Showing  the  same  field  as  that  of  Fig.  2,  taken  with  plane  polar- 
ized light  and  crossed  uieols.  Note  the  anisoiropy  of  the  quartz  grairu: 
and  the  isoiropy  of  the  glass.     Magnificaiion=joo  diameters 
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Fig.  4. — Slioziing  the  body  containing  ^^  per  cent  feldspar  and  4^  per  cent 
quartz  burned  at  1^40°.  Note  the  small  amount  of  quartz  solution  as 
evidenced  by  the  incipient  rounding  of  the  quartz  grains,  Magnijica- 
tion^joo  diameters 


Fig.  5. — Shoiting  the  same  field  as  that  of  Fig.  4,  taken  with  plane  polarized 
light  and  crossed  nicols.  This  photograph  sen^'cs  to  contrast  tlie  doubly 
refracting  quartz  with  the  isotropic  glass.     Magnification^ ^00  diameters 
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A  glance  at  Table  2  will  indicate  that  series  I  consists  of  4 
subseries.  In  each  subseries  the  kaolin  content  has  been  kept 
constant  and  the  feldspar  varied  with  the  quartz.  Thus  the 
subseries  are  as  follows:  35  per  cent  clay,  10  to  19  per  cent  feld- 
spar, and  55  to  46  per  cent  quartz;  40  per  cent  clay,  10  to  25 
per  cent  feldspar,  and  50  to  35  per  cent  quartz;  45  per  cent  clay, 
10  to  25  per  cent  feldspar,  and  45  to  30  per  cent  quartz;  50  per  cent 
clay,  19  to  22  per  cent  feldspar;  31  to  28  per  cent  quartz.  The 
microscopical  observations  will  be  given  collectively  for  each 
subseries. 

Specimens  i  to  4  {1310°). — In  general  these  specimens  closely 
resembled  each  other  in  the  changes  undergone  by  tlie  raw  mate- 
rials and  in  the  development  of  new  constituents.  The  most 
important  constituent  observed  was  quartz.  This  mineral  was 
noted  in  angular  grains  of  variable  size  which  showed  practi- 
cally no  evidence  of  solution.  The  amount  of  quartz  decreased 
from  specimen  i  to  specimen  4.  Both  the  clay  and  the  feldspar 
lost  their  original  identity.  The  former  melted  to  a  low  refract- 
ing glass,  which  increased  in  amount  from  specimen  i  to  specimen 
4.  The  clay  dissociated  almost  entirely  into  silica  and  aluminum 
silicate.  The  silica  dissolved  in  the  feldspar  glass  but  the  alumi- 
num silicate  was  apparently  not  soluble  at  this  temperature.  It 
was  noted  (i)  mainly  as  amorphous  sillimanite  in  minute  rounded 
isotropic  inclusions  in  the  glassy  groundmass  and  was  distin- 
guished from  the  groundmass  by  its  index  of  refraction,  which 
was  greater  than  1.60;  (2)  as  a  small  quantity  of  true  sillimanite 
occurring  in  extremely  fine  needle  crystals  about  o.oi  mm  in 
length.  These  were  mainly  apparently  isotropic.  Aggregates 
of  these  needles  showing  double  refraction  could  be  observed; 
the  extinction  was  then  noted  parallel  to  the  prism  axis,  the  axis 
of  elongation  of  the  needles.  The  character  of  the  principal  zone 
was  positive  and  the  mean  index  of  refraction  was  found  to  be 
about  1.64.  The  ratio  of  the  amount  of  crystallized  to  amorphous 
sillimanite  did  not  vary  in  specimens  i,  2,  3,  and  4. 

Specimens  5  to  10  {ijio°). — These  specimens  resembled  each 
other  microscopically.  The  original  quartz  was  noted  unchanged 
and  the  angularity  of  the  grains  was  proof  that  practically  no 
solution  had  taken  place.  The  amount  of  quartz  decreased  from 
specimen  5  to  specimen  10.  Both  the  feldspar  and  the  clay  lost 
their  original  identity.  The  feldspar  melted  to  a  low  refracting 
glass  which  dissolved  the  silica,  formed  by  the  complete  dissocia- 
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tion  of  the  clay.  The  otlier  dissociation  product  of  the  clay 
aluminum  silicate,  was  observed  both  as  amorphous  sillimanite 
and  as  crystallized  needles  of  sillimanite.  As  in  specimens  i  to  4, 
the  amount  of  the  latter  was  much  smaller  tlian  that  of  the  former. 
Crj'stallites  were  very  minute  and  often  could  be  observed  with 
only  the  highest  magnifications. 

Specimens  11  to  16  (/j/o°). — The  data  on  the  microscopical 
examination  are  very  nearly  the  same  for  each  specimen.  The 
original  feldspar  melted  entirely  and  tlie  amount  of  feldspar 
glass  increased  from  specimen  11  to  specimen  16.  The  content 
of  quartz  decreased  from  specimen  1 1  to  specimen  1 6,  but  the 
characters  of  the  quartz  grains  were  identical  and  the  amount 
of  solution  in  tlie  feldspar  glass  was  practically  nil.  The  clay 
showed  complete  dissociation,  with  the  formation  of  silica  and 
amorphous  and  crystallized  sillimanite.  The  silica  dissolved  com- 
pletely in  the  glass.  The  sillimanite  was  noted  mainly  as  amor- 
phous sillimanite,  witli  a  very  small  amount  of  fine  needle  crystals, 
most  of  which  were  too  minute  to  indicate  birefringence. 

Specimens  17  to  18  (/j7o°).— The  microscopical  examination  of 
these  specimens  revealed  a  similarity  to  the  previous  specimens. 
The  complete  melting  of  the  feldspar  was  noted,  as  well  as  the 
complete  dissociation  of  the  clay,  with  the  formation  of  much 
amorphous  sillimanite  and  a  little  crj'stallized  sillimanite  in  very 
fine  needles.  As  observed  previously,  the  quartz  showed  prac- 
tically no  solution. 

Specimens  i  to  4  {1400°) . — These  specimens  (see  Fig.  9)  showed 
fundamental  differences  from  those  burned  at  1320°.  A  consider- 
able decrease  was  noted  in  the  amount  of  free  quartz,  brought 
about  by  its  solution  in  tlie  glass.  The  solution  was,  however,  by 
no  means  complete.  The  residual  quartz  grains  were  much 
rounded  and  etched.  The  solvent  action  proceeded  more  rapidly 
along  the  edges  and  along  the  fracture  cracks  of  the  quartz,  result- 
ing in  rounded  grains  and  in  aggregates  of  rounded  grains  contain- 
ing interstitial  glass.  The  amount  of  residual  quartz  decreased 
from  specimen  i  to  specimen  4. 

Another  fundamental  change  noted  was  the  great  increase  in 
number  and  to  a  lesser  degree  in  size  of  the  sillimanite  needle  crys- 
tallites, accompanied  by  a  corresponding  decrease  in  the  amotmt 
of  rounded  inclusions.  The  tendency  toward  crystallization  was 
noted  by  the  attempts  at  elongation  of  some  of  the  remaining 
amorphous  sillimanite  grains.  These  assumed  a  clublike  form 
which  could  be  observed  only  with  higher  magnification. 
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Fig.  6. — Showing  the  body  containing  ^^  per  cent  feMs par  and  4$  per  cent 
quartz  burned  at  1460°.  Note  the  last  vestige  of  undissolved  quartz 
grains.     Magnijication=joo  diameters 


Fig.  7. — Shouing  the  body  containing  go  per  cent  feldspar  and  10  per  cent 
kaolin  burned  at  1340°.  Note  the  extremely  fine-grained,  intergrown, 
noncrystalline  character  of  the  amorphous  sillimaniie  and  tlie  presence  of 
■undissolved  quartz,  which  was  originally  introduced  as  an  impurity  in, 
the  feldspar  and  kaolin  raw  materials.     Magnification= 360  diameters 
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Fig.  8. — Slwuing  innumerable  Jiiw  ^illimuiiik  luwlk  ciyjtallilts  lUvcloped 
by  heating  a  body  coiisisling  of  50  per  eentfcldspar  and  JO  per  cent  kaolin 
to  1460°.     Magnificat!on=j6o  dianwters 
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Fig.  g. — Slwuing  the  body  containing  Jj  />t'/  cent  clay,  IQ  per  eentfcldspar, 
and  46  per  cent  qimrtz  heated  to  1400°.  Note  the  presence  of  'ucll-dei'eloped 
acicular  sillimanite  crystals,  ivhich  in  one  instance  exhibit  typical  lattice 
structure.  Note  also  the  considerable  solution  of  the  quartz.  Magnifica- 
tion=^oo  diameters 
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The  amount  of  glass  increased  from  specimen  i  to  specimen  4. 
Moreover,  owing  to  the  increased  solution  of  quartz,  the  amount  of 
glass  in  each  of  tlie  specimens  was  greater  than  the  amount  in  the 
specimens  burned  at  1310°. 

Specimens  5  to  10  {1400°). — The  changes  involved  in  raising  the 
burning  temperatiwes  from  1310°  to  1400°  were  identical  with 
those  obser\'ed  in  specimens  1-4.  Quartz  showed  a  considerable 
decrease  in  quantity,  and  the  residual  quartz  grains  bore  evidence 
of  solution,  viz,  rounding  and  etching  of  the  grains.  The  amount 
of  quartz  decreased  from  specimen  5  to  specimen  10. 

Sillimanite  needles  were  noted  in  much  greater  amount  than  the 
amorphous  sillimanite.  These  were  in  most  instances  very  minute, 
but  occasionally  individuals  were  noted  0.02  mm  in  length.  They 
occurred  mainly  in  irregular  aggregates,  but  aggregates  showing 
parallel  grouping  and  the  lattice  structure  described  previously 
were  also  noted.  The  small  crystallites  were  apparently  isotropic 
while  the  larger  ones  sometimes  showed  the  first  order  yellow 
interference  color.  Extinction  parallel  to  the  axis  of  elongation 
was  noted  and  the  principal  zone  was  positive.  Biaxial  interfer- 
ence figures  could  occasionally  be  observed  with  a  positive  optical 
character,  and  the  plane  of  the  optic  axis  was  parallel  to  the  axis 
of  elongation.  Quantitative  values  for  the  indices  of  the  a,  /3,  and 
7  rays  could  not  be  obtained  because  the  crystallites  were  much 
intergrown  with  glass  and  this  could  not  be  completely  separated 
from  tliem.  The  approximate  mean  index  was  fotmd  to  be  slightly 
above  1.64.  These  optical  properties  establish  tlie  compound 
definitely  as  sillimanite,  AUOs.SiOj.  The  amount  of  glass  increased 
from  specimen  5  to  specimen  10. 

Specimens  11  to  16  {1400°). — The  report  of  the  microscopical 
examination  of  specimens  1 1  to  1 6  is  similar  to  that  of  the  preceding 
subseries.  The  considerable  decrease  in  the  amount  of  quartz  with 
the  corresponding  increase  in  the  quantity  of  glass  was  noted.  The 
quartz  grains  were  rounded  and  etched.  They  showed  solution 
along  the  edges  and  along  the  fracture  cracks. 

Observations  on  the  increase  of  the  amount  and  to  a  lesser  degree 
of  the  size  of  sillimanite  needles  were  made.  The  development 
of  sillimanite  between  1300°  and  1400°  was  similar  to  that  observed 
with  the  previous  specimens  of  series  I.  The  incipient  formation 
of  sillimanite  needles  from  amorphous  sillimanite  was  also  noted 
in  the  elongation  of  the  rounded  grains  to  form  clublike  grains  and 
in  the  cementing  or  agglomeration  of  a  number  of  these  rounded 
inclusions  to  form  a  prismlike  crystal. 
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Specimens  ij  to  iS  {1400°). — The  observations  on  specimens  17 
and  1 8  bunied  at  1 400°  are  similar  to  those  of  the  preceding  speci- 
mens bm-ned  at  this  temperatm^e.  The  amount  of  quartz  noted 
was  considerably  less  than  that  noted  at  1300°,  and  the  grains 
showed  evidence  of  much  solution.  A  corresponding  increase  in 
the  amount  of  glass  was  also  noted.  The  sillimanite  needles, 
while  greatly  in  excess  of  the  extremely  small  amount  of  amorphous 
sillimanite,  showed  no  better  needle  cr^'stal  development  than  in 
the  previous  specimens  of  series  i,  where  the  quantity  of  original 
clay  was  smaller. 

2.  Second  Series  (Low  Quartz,  High  Feldspar). — The  speci- 
mens of  this  series  were  prepared  and  used  by  Bleininger  and 
Kinnison  in  their  study  on  the  viscosit}'  of  porcelain  bodies.-"  As 
with  series  i,  the  data  on  the  composition  and  burning  will  be 
presented  but  briefly  here  since  they  are  given  in  fuller  detail  in  the 
report  of  their  in^-estigation. 

The  compositions  are  indicated  in  Table  3  and  Fig.  i.  The 
figures  in  this  table  do  not  represent  the  true  analysis  of  the  burned 
specimens,  but  are  only  approximate,  since  they  were  calculated 
from  the  analyses  of  the  same  raw  materials  employed  in  series  i 
and  given  in  Table  i .  From  the  data  on  composition  it  is  evident 
that  some  of  these  specimens  are  identical  with  typical  porcelain 
and  floor  tile  bodies.  The  firing  of  all  specimens  with  the  excep- 
tion of  specimens  2,  4,  and  5  was  carried  to  1275°,  1295°,  1315°, 
1345°,  and  1380°.  The  maximum  temperature  attained  with 
specimens  2  and  5  was  1345°,  and  with  specimen  4  was  1315°. 

From  a  consideration  of  Table  3  it  is  seen  that  the  series  may  be 
subdivided  into  four  subseries  in  which  the  clay  content  is  constant 
and  the  feldspar  varies  with  the  quartz.  These  are  as  follows: 
35  per  cent  clay,  30  to  65  per  cent  feldspar,  35  to  o  per  cent  quartz; 
40  per  cent  clay,  40  per  cent  feldspar,  20  per  cent  quartz;  45  per 
cent  clay,  30  to  55  per  cent  feldspar,  25  to  o  per  cent  quartz;  50 
per  cent  clay,  30  to  50  per  cent  feldspar,  20  to  o  per  cent  quartz. 

Specimens  i  to  j. — Not  all  the  specimens  of  this  subseries  can  be 
compared  with  each  other,  since  the  maximum  burning  tempera- 
ture was  1315°  in  the  case  of  specimen  4,  1345°  in  the  case  of  speci- 
mens 2  and  5,  and  1380°  in  the  case  of  specimens  i  and  3. 

The  microscopic  examination  of  specimen  4  revealed  the  com- 
plete melting  of  the  feldspar  to  an  isotropic  glass.  The  quartz  bore 
evidence  of  only  a  slight  solution  as  attested  by  the  incipient 

*•  Trans.  Am.  Ceram.  Soc.  17,  pp.  130-1J6;  1915. 
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rounding  of  the  edges  of  especially  the  smaller  grains.  Extremely- 
fine  sillimanite  needles  were  noted,  as  was  also  amorphous  silli- 
manite.  The  needles  were  so  minute  as  to  be  observed  with  only 
higher  powers  and  only  in  a  few  instances  could  even  the  faintest 
interference  colors  be  seen. 

The  complete  melting  of  the  feldspar  and  the  solution  of  quite  a 
little  quartz  was  observed  in  specimens  2  and  5.  Not  all  the 
quartz  had  disappeared  even  in  specimen  5  where  the  quartz 
present  occurred  only  as  an  impurity  in  the  clay  and  in  the  feld- 
spar, a  very  small  amount  being  noted  in  more  or  less  rounded 
grains.  Sillimanite  needles  appeared  to  be  more  plentiful  than 
in  specimen  4  and  slightly  better  developed,  whereas  amorphous 
sillimanite  occurred  in  smaller  amount. 

Considerable  solution  of  quartz  was  observed  in  specimens  i 
(see  Fig.  10)  and  3,  the  latter  containing  an  extremely  small 
amount  of  undissolved  quartz.  No  amorphous  sillimanite  was 
noted,  since  it  was  changed  completely  to  the  crystallized  form. 
Although  they  appeared  to  be  better  developed  than  those  of 
specimens  2,  4,  and  5,  the  major  portion  of  the  needle  crystals  was 
still  very  minute.  Optical  properties  when  obtained  agreed  with 
those  given  for  sillimanite. 

Specimen  6. — The  final  burning  of  specimens  6  to  13  reached  a 
maximum  temperature  of  1380°.  Specimen  6  showed  consider- 
able solution  of  the  quartz  in  the  glass.  There  was  no  amorphous 
sillimanite  noted,  and  the  needle  crystals  were  for  the  most  part 
minute  and  irregularly  intertwined. 

Specimens  7  to  10. — Considerable  solution  of  the  quartz  was  also 
noted  in  the  specimens  of  this  subseries.  Specimen  9  contained 
only  a  very  small  amount  of  residual  quartz  observed  in  rounded 
grains  showing  a  large  amount  of  solution.  Specimen  10  con- 
tained only  a  trace  of  quartz.  Sillimanite  was  noted  in  thin 
acicular  crystallites,  which  occasionally  showed  parallel  group- 
ing and  lattice  structure,  although  they  were  mainly  irregularly 
intergrown.  The  amount  of  glass  increased  from  specimen  7  to 
specimen  10  with  a  corresponding  decrease  in  the  amount  of 
quartz,  while  the  amount  and  development  of  the  sillimanite 
in  the  specimens  showed  no  appreciable  differences. 

Specimens  11  to  13. — The  conditions  existing  in  this  subseries 
were  analogous  to  those  in  the  previous  subseries.  Solution  of 
the  quartz  took  place  to  a  considerable  degree,  and  tlie  residual 
quartz  grains  were  very  much  etched  and  rounded.     That  com- 
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plete  solution  did  not  take  place  was  evidenced  by  a  trace  of 
quartz  noted  in  specimen  13,  where  it  occurred  only  as  an  impurity 
in  tlie  feldspar  and  the  clay  raw  materials.  (See  Fig.  11.) 
Practically  no  amorphous  sillimanite  was  noted.  The  sillimanite 
crystallites  varied  in  size  from  minute  needles  showing  apparent 
isotropy  to  some  about  0.05  mm  in  length,  in  which  first  order 
interference  colors  were  observed  and  which  agreed  with  the 
mineral  sillimanite  in  the  determinable  optical  properties. 

G.  PORES,  COMMUNICATING  AND  SEALED 

In  all  the  specimens  examined  in  this  investigation  bubbles 
have  been  noted  more  or  less  regularly.  No  especially  close 
observations  have  been  made  on  these,  since  most  of  them  were 
destroyed  in  the  preparation  of  the  specimens  for  examination, 
which  was  effected  by  tapping  to  a  fine  powder.  In  general  ovar 
observations  have  been  that  a  porous  structure  with  communi- 
cating pores  in  greater  amoimt  than  sealed  pores  is  present  in 
bodies  btimed  at  lower  temperatures  (for  example,  the  temper- 
ature of  burning  of  whiteware  bodies).  With  increase  in  burn- 
ing temperatm-e  the  communicating  pores  decrease  and  tlie  sealed 
pores  increase;  but  with  still  further  increase  in  burning  temper- 
atm'e,  for  example,  in  hard-fired  porcelain  bodies,  the  sealed  pores 
also  decrease,  although  no  body  was  examined  in  which  they  had 
totally  disappeared. 

H.  RESULTS  OBTAINED  FROM  THE  STUDY  OF  LABORATORY-PREPARED 

BODIES 

Kaolin  suffers  little  optical  change  when  heated  up  to  1200°. 
At  this  temperature  the  grains  appear  to  be  homogeneous  and 
isotropic,  with  an  index  slightly  higher  tlian  tliat  given  for  the 
mineral  kaolin.  Above  this  temperature  a  slow  incipient  dis- 
sociation occurs  up  to  about  1400°,  when  the  material  is  entirely 
dissociated  into  what  appears  to  be  amorphous  silica  and  amor- 
phous sillimanite.  When  heated  to  1450°  the  latter  gives  rise  to 
characteristic  needle  crystals  of  sillimanite.  When  a  flux — for 
example,  feldspar — is  present  this  dissociation  proceeds  at  lower 
temperatures,  and  tlie  silica  loses  its  identity  by  solution  in  the 
feldspar  melt.  Thus,  at  1340°  kaolin  is  entirely  dissociated  with 
the  formation  of  both  amorphous  and  crystalline  sillimanite, 
and  with  still  higher  temperatures  the  amorphous  modification 
crystallizes  entirely  and  the  sillimanite  crystals  develop  in  size. 
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The  investigation  of  the  quartz-feldspar  series  shows  that 
quartz  is  but  sHghtly  soluble  in  a  feldspar  melt  at  1340°,  but 
that  witli  increase  in  temperature  solution  proceeds  to  a  greater 
extent,  and  that  at  1460°  in  melts  which  originally  contained 
50  per  cent  quartz  there  exists  no  more  than  a  trace  of  imdis- 
solved  quartz. 

The  study  of  the  clay-quartz-feldspar  series  reveals  a  number  of 
interesting  facts.  The  feldspar  is  the  first  constituent  to  melt. 
It  then  acts  as  a  flux-solvent  in  the  solution  of  tlie  other  constit- 
uents. In  both  high  quartz,  low  feldspar  and  low  quartz,  high 
feldspar  bodies,  burned  at  1310°  the  original  clay  dissociates  into 
both  amorphous  and  crystalline  sillimanite,  the  former  greatly 
predominating.  The  sillimanite  needles  are  so  extremely  small 
that  they  ofte"n  appear  isotropic  witli  crossed  nicols.  Quartz  is 
only  slightly  soluble  at  this  temperattu-e  and  the  quartz  grains 
show  distinct  angularity  with  little  evidence  of  solution  along  the 
edges. 

At  higher  temperatures  (1380°  to  1400°)  the  amorphous 
sillimanite  disappears  and  gives  rise  to  crystallized  sillimanite. 
These  crystals  appear  to  grow  somewhat  in  length  and  thickness, 
and  parallel  grouping  and  lattice  structure  are  often  noted.  Quartz 
also  dissolves  to  a  considerable  extent,  and  the  residual  grains 
of  this  constituent  show  much  rounding  of  the  corners  and  edges. 
In  fact,  the  tendency  is  toward  elliptical  and  spherical  grains. 

At  this  point  we  are  led  to  a  discussion  of  the  question  of  the 
comparative  solubility  of  kaolin  and  quartz  in  feldspar.  Such  a 
question  is  in  the  light  of  this  investigation  manifestly  an  indefinite 
one.  What  is  meant  by  the  solubihty  of  kaohn?  It  has  been 
definitely  shown  that  kaolin  dissociates  into  silica  and  aluminum 
siHcate.  It  has  been  indicated  also  that  the  resultant  silica  is 
soluble  in  the  feldspar  glass,  but  that  at  the  maximum  temperatures 
attained  in  this  investigation,  1460°,  the  aluminum  silicate  is 
comparatively  little  soluble.  Therefore,  to  consider  the  solution 
of  kaolin  in  feldspar  at  temperatures  of  porcelain  burning  is  to 
consider  an  action  which  does  not  take  place.  However,  if  the 
criterion  of  the  action  of  feldspar  on  kaolin  is  to  be  the  solution 
in  the  feldspar  melt  of  the  siUca  resulting  from  the  dissociation 
of  the  kaoHn  then  such  a  comparison  can  be  readily  made.  Un- 
qualifiedly it  is  as  follows:  Kaolin  is  more  soluble  in  feldspar 
than  quartz  under  concUtions  of  temperature  and  time  analogous 
to  those  of  porcelain  practice. 
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I.    THE    TEMPERATURE    OF     BURNING,     CONSTITUTION    AND    MICRO- 

STRUCTURE  SCALE 

As  stated  previously,  it  was  hoped  that  there  was  a  fairly 
definite  relationship  between  the  burning  temperatures  of  porce- 
lain bodies  and  the  physical  and  chemical  changes  taking  place 
in  the  raw  materials  and  noted  in  the  microscopical  examination 
of  the  finished  product.  That  such  is  generally  the  case  may  be 
seen  from  the  results  of  the  study  of  the  feldspar-quartz,  feldspar- 
kaolin,  and  feldspar-quartz-clay  series.  Therefore,  relying  on 
such  a  relationship,  the  burning  temperatures  of  commercial 
porcelain  bodies  were  predicted  from  the  microscopic  examination. 
The  actual  burning  temperatures  were  not  known  to  the  author, 
but  Prof.  A.  V.  Bleininger  possessed  the  complete  data,  and  a 
comparison  of  both  showed  that  the  predicted  temperature  of 
burning  was  remarkably  close  to  the  measured  temperature. 
In  fact  an  acciu'acy  within  25°  C  was  maintained  in  nearly  all 
cases.  The  relation  between  constitution  and  burning  tempera- 
ture is  given  in  Table  4. 

J.  COMMERCUL  BODIES 

This  series  embraces  bodies  ranging  from  a  white-ware  body  to 
a  high-fired  hard  porcelain  body.  The  technical  practices  of 
many  countries  are  represented  in  order  to  determine  the  essential 
differences  in  constitution  and  microstructure  effected  in  bodies 
of  the  same  commercial  class  by  dissimilar  conditions  of  burning. 
The  practices  of  the  following  countries  are  represented:  United 
States,  England,  Germany,  France,  Austria,  Denmark,  and  Japan. 

1.  White-ware,  Ohio. — The  following  constituents  were  noted: 
Feldspar  glass,  dehydrated  clay,  and  quartz.  The  feldspar 
appeared  to  have  entirely  melted  to  a  glass.  The  dehydrated  clay 
was  noted  as  amorphous  .grains  which  showed  practically  no 
e\adence  of  dissociation  into  lower  refracting  silica  and  higher 
refracting  amorphous  sillimanite.  The  quartz  grains  were  noted 
in  considerable  amount.  They  varied  in  size  from  almost  sub- 
microscopic  grains  to  grains  measuring  0.5  mm  across,  and  showed 
absolutely  no  evidence  of  solution  in  the  feldspar  glass.  The 
melting  of  the  feldspar  and  the  absence  of  dissociation  of  the  clay 
were  evidence  of  the  fact  that  the  burning  temperature  of  this  body 
was  not  over  1 200°. 

2.  White-ware  Body  {Unknown  Brand). — The  microscopical 
examination  revealed  the  following  facts :  The  feldspar  had  entirely 
melted  to  a  glass  acting  as  a  cement  for  the  other  constituents- 
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Fig.  io. — Slwicing  the  body  uiih  a  composition  of  55  per  cent  clay,  jo  per 
cent  feldspar,  and  J5  per  cent  quartz  burned  at  ljSo°.  Note  the  develop- 
ment of  crystallized  sillimaiiite  and  the  evidence  of  considerable  quartz 
solution.     Ulagnification^jSo  diameters 
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Fig.  II. — Showing  the  body  composed  of  ^o  per  cent  feldspar  and  50  per 
cent  clay.  Note  the  development  of  sillimaniie  needles  and  the  presence 
of  an  extremely  small  amount  of  residual  quartz  in  mainly  elliptical 
grains.     Magnification=joo  diameters 
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Fig.  12. — Showiii'j  a  .^/wnntii  of  I'iirificd  tahlciian mautijactincd  in 
New  York.  Note  Ihc  absence  of  sillimaniie  needle  dci'elopmeiit  and 
the  presence  in  the  groundmass  of  cloudy  material  whose  structure  can 
not  be  resolved  in  a  thin  section  but  which  is  due  to  the  presence  of 
minute  amorphous  sillimanite  grains.  Note  also  the  large  quartz 
grains  showing  absolutely  vo  solution.     Magnification^joo  diameters 
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Fig.  13. — .Shoicing  a  vitiifud  tuhlcicare  manufactured  in  Pennsylvania. 
Note  the  sharp  angled  undissolved  quartz  grains  and  an  aggregate  of  very 
minute  sillimanite  needles  showing  lattice  structure.  I\Iagnificaiion=jSo 
diameters 
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Nearl)'  all  the  dehydrated  clay  was  unchanged.  That  an  extremely 
small  part  did  dissociate  was  evidenced  by  the  presence  of  minute 
rounded  amorphous  sillimanite  grains  of  higher  index  than  the 
other  constituents  occurring  as  inclusions  in  the  dehydrated  clay 
grains  and  in  the  glass.  Quartz  was  present  in  considerable 
quantities,  but  the  grains  showed  no  evidence  of  solution.  The 
melting  of  the  feldspar  and  slight  dissociation  of  the  dehydrated 
clay  material  indicated  a  burning  temperature  of  1200°  to  1225°. 

J.  White-ivare,  J .  &  G.  Meakin;  Hanley,  England. — The  feld- 
spar melted  to  a  glass  acting  as  a  bond  for  the  other  constituents. 
The  observations  on  the  clay  were  very  unsatisfactory.  There 
was  considerable  undissociated  dehydrated  clay  present,  but 
some  of  it  appeared  cloudy  and  browoiish  in  color.  The  micro- 
scope did  not  resolve  anything  further  of  the  structure  of  these 
brownish  grains;  so  this  condition  is  probably  due  to  the  presence 
of  amorphous  sillimanite  grains,  which  are  just  submicroscopic 
in  size.  The  quartz,  while  not  so  plentiful  as  noted  in  the  two 
American  white  ware  bodies,  was  found  in  sharp  cornered  grains 
giving  no  evidences  of  solution.  The  indications  were  of  a  burning 
temperatvue  between  1200°  and  1225°. 

4.  Vitrified  Tableware,  West  Virginia. — A  considerable  disso- 
ciation of  the  dehydrated  clay  was  noted,  witli  the  formation  of 
minute  rounded  isotropic  grains  of  amorphous  sillimanite  and  a 
trace  of  extremely  fine  needles  of  sillimanite.  The  silica  resulting 
from  the  dissociation  lost  its  identity  in  the  feldspar  glass.  Quartz 
was  present  in  a  considerable  quantity  and  showed  absolutely 
no  evidences  of  solution.  The  partial  dissociation  of  the  clay 
indicated  a  temperature  of  burning  of  about  1250°. 

5.  Vitrified  Tableware,  New  York. — The  examination  of  this 
specimen  showed  that  the  feldspar  had  melted  completely.  The 
dehydrated  clay  had  dissociated  to  a  considerable  extent  to 
amorphous  sillimanite  mainly,  with  only  a  trace  of  minute  silli- 
manite needles.  A  large  quantity  of  quartz  was  noted,  and  the 
quartz  grains  bore  no  evidence  of  solution.  (See  Fig.  12.)  The 
constitution  of  this  specimen  indicated  a  burning  temperature 
of  about  1250°. 

6.  Sanitary  Body,  New  Jersey. — The  microscopical  evidence  in 
this  body  was  analogous  to  that  of  the  two  preceding  specimens. 
The  feldspar  had  melted  completely  to  a  low-refracting  glass. 
The  quartz  grains  showed  no  apparent  solution.  The  dehydrated 
clay  showed  considerable  dissociation  into  amorphous  sillimanite 
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and  an  extremely  small  amount  of  line  sillimanite  needles,  all  of 
which  indicated  a  burning  temperatm-e  of  about  1250°. 

7.  Vitrified  Tableware,  Pennsylvania. — The  constitution  of  this 
body  was  identical  with  that  of  the  previous  vitrified  bodies 
burned  according  to  American  practice.  (See  Fig.  13.)  The 
dehydrated  clay  had  dissociated  quite  considerably  to  tlie  minute 
intergrown  isotropic  material  called  amorphous  sillimanite  and  a 
small  amount  of  fine  sillimanite  needles  which  were  not  suffi- 
ciently developed  to  exhibit  interference  colors.  The  quartz 
grains  showed  no  evidence  of  solution  and  the  largest  one  observed 
measured  0.14  mm.  in  length.  The  burning  temperatiu'e  may 
be  estimated  as  being  about  1250°. 

8.  Japanese  Porcelain,  Nippon  {A). — The  translucency  of  this 
specimen  was  greater  than  that  of  the  American  bodies.  In 
fact  it  compared  favorably  with  the  high-fired  ware  described  later. 
The  microscopic  observations  revealed  tlie  fact  that  its  trans- 
lucency was  due  to  a  comparatively  high  content  of  feldspar 
and  low  content  of  clay  and  did  not  result  from  hard  burning. 
The  clay  showed  considerable  dissociation  but  the  amount  of 
crystallized  sillimanite  present  was  hardly  more  than  a  trace. 
Moreover,  notwithstanding  the  amount  of  flux,  the  grains  of 
quartz  bore  no  evidence  of  solution  (see  Fig.  14),  and  the  largest 
one  observed  measured  0.18  mm.  It  is  evident  from  the  above 
data  that  the  burning  temperatm-e  of  this  body  was  not  over 
1250°. 

9.  Electrical  Porcelain,  Pennsylvania. — The  important  featvu^e 
of  this  specimen  (see  Fig.  1 5)  was  the  almost  complete  dissocia- 
tion of  the  dehydrated  clay  with  the  formation  of  considerable 
amorphous  sillimanite  and  a  much  less  amoimt  of  minute  silli- 
manite crystallites.  There  was  only  a  very  small  quantity  of 
undissociated  dehydrated  clay  present.  The  quartz  grains  showed 
only  a  trace  of  solution,  if  any  at  all,  and  were  sharp  cornered 
in  nearly  every  instance.  The  feldspar  had  melted  entirely  to 
a  glass.  The  almost  complete  dissociation  of  the  dehydrated 
clay,  the  great  preponderance  of  the  minute  rounded  amorphous 
sillimanite  grains  over  the  sillimanite  needle  crystallites  and  the 
absence  of  any  decided  solution  of  quartz  indicated  a  burning 
temperature  of  about  1250°  to  1275°. 

10.  Electrical  Porcelain,  New  York. — The  constitution  and  the 
microstructiu"e  of  this  body  was  identical  with  that  of  the  body 
pre%aously  described.  The  important  features  were  the  almost 
complete  dissociation  of  tlie  dehydrated  clav  material,  with  the 
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Fig.  14. — Showing  a  Japanese  porcelain.  Although  this  -ware  -was  very 
iransbteent,  the  evidence  of  low  burning  is  very  evident.  The  quartz 
grains  are  angular  and  only  a  trace  of  minute  sillimanite  needles  is 
noted.     MagniJication=jSo  diameters 


Fig.  15. — Showing  an  electrical  porcelain  body  manufactured  in  Penn- 
sylvania. Note  the  variation  in  size  of  the  quartz  grains  and  the  ab- 
sence of  any  evidence  of  quartz  solution.  No  crystalline  sillimanite  can 
be  definitely  seen  in  tJie  photograph,  but  the  cloudiness  in  the  ground- 
mass,  due  to  amorphous  sillimanite,  may  be  readily  recognized.  Alag- 
nification^joo  diameters 
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Fig.  i6. — Showing  an  electrical  porcelain  body  mamifacfurcd  in  New  York. 
Xoie  the  sharp-cornered  irregular  quartz  grains  and  the  presence  of  a  trace  of 
sillimanilc  needles  uhich  may  be  observed  at  the  loner  left  corner  of  the 
photomicrograph.     Magnificalion^iSo  diameters 
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resultant  formation  of  only  an  extremely  small  amount  of  crystal- 
lized sillimanite  in  minute  needles.  The  quartz  grains  bore  no 
evidence  of  solution.  (See  Fig.  16.)  The  burning  temperature 
as  indicated  by  the  microstructure,  was  probably  1250°  to  1275°. 

11.  Spark-Plug  Body. — The  following  observations  were  made 
on  this  body.  A  low  refracting  glass  resulting  from  the  melting 
of  the  feldspar  was  obser\'^ed.  The  dissociation  of  the  dehydrated 
clay  had  proceeded  to  a  great  extertt  M^th  the  formation  of  amor- 
phous sillimanite  and  sillimanite  needle  crystallites,  of  which  the 
former  greatly  predominated.  Quartz  was  present  in  consider- 
able amount  and  appeared  to  have  undergone  no  solution  in  the 
larger  grains  and  a  doubtful  trace  of  solution  in  the  smaller  ones. 
The  microscopical  evidence  here  was  identical  with  that  of  the 
previous  specimens,  and  the  burning  temperature  appeared, 
therefore,  to  be  about  1275°. 

12.  Japatiese  Porcelain,  Nippon  (B). — This  specimen  appeared 
to  be  higher  fired  tlian  tlie  Japanese  specimen  (A)  previously 
examined.  The  dehydrated  clay  was  greatly  dissociated  and  the 
amotint  of  crystallized  sillimanite,  while  still  fairly  small,  was 
nevertheless  greater  tlian  in  the  specimen  refeixed  to  above. 
(See  Fig.  17.)  The  largest  quartz  grain  observed  had  a  length  of 
o.  1 9  mm,  and  with  the  possible  exception  of  a  trace  in  the  smallest 
grains,  the  quartz  present  showed  no  evidence  of  solution.  The 
above  facts  warrant  an  estimation  of  about  1300°  as  tlie  burning 
temperature. 

ij.  Bavarian  Porcelain,  Hiibschenreythe. — At  best  but  a  slight 
solution  of  quartz  in  the  feldspar  glass  was  noted  in  tliis  specimen. 
The  grains  possessed  sharp  edges,  and  evidences  of  slight  solution 
were  not  general,  being  noted  mainly  in  the  smaller  quartz  grains. 
While  there  was  little  if  any  undissociated  dehydrated  clay  pres- 
ent, the  main  dissociation  product  was  amorphous  sillimanite  in 
miiiute  rounded  grains.  A  small  amount  of  crystallized  silli- 
manite was  also  present.  The  almost  complete  dissociation  of  the 
dehydrated  clay,  together  with  the  preponderance  of  amorphous 
over  crvstallized  sillimanite,  pointed  to  a  burning  temperature  of 
about  1300°. 

14.  Austrian  Porcelain,  Masshurg. — The  constitution  and  micro- 
structure  of  this  specimen  were  found  to  be  identical  with  that  of 
the  Hubschenre3rthe  body  and  will  not  be  discussed  further. 

25.  Silesian  Porcelain. — The  obser^'^ations  on  this  specimen 
were  practically  identical  with  those  made  on  the  Massburg  and 
Hiibschenreythe   specimens.     Very   little  crystallized   sillimanite 
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was  observed,  although  the  clay  showed  great  dissociation.  The 
evident  finer  grinding  of  the  quartz  raw  material  was  of  interest, 
the  largest  grain  observed  measuring  o.i  mm  in  length.  The 
grains,  as  a  rule,  were  sharp  cornered,  thin,  and  sliver-like  in  ap- 
pearance. The  smaller  quartz  grains  showed  but  a  trace  of 
solution,  while  the  larger  ones  were  entirely  imdissolved.  This 
specimen  appeared  to  have  been  burned  at  a  temperature  not 
over  1300°. 

16.  Austrian  Porcelain,  Elsa. — The  examination  of  this  speci- 
men revealed  tlie  complete  dissociation  of  the  dehydrated  clay 
material  and  the  resultant  formation  of  both  amorphous  and 
crystalline  sillimanite,  the  former  occurring  in  larger  amoimts. 
A  large  quantity  of  quartz  was  present,  and  very  slight  evidence 
of  solution  was  observ-ed.  The  above  data  indicated  a  burning 
temperature  of  about  1300°  to  1325°. 

77.  Chemical  Porcelain,  Bureau  of  Standards  Body  jVo.  10. — 
Complete  dissociation  of  the  deli}^drated  clay  was  observed  in  tliis 
specimen.  The  resultant  sillimanite  occurred  in  both  tlie  crystal- 
line and  the  amorphous  form,  with  the  former  as  plentiful  as  the 
latter.  The  acicular  crystallites  of  sillimanite  were  minute,  ex- 
tremely intergrown,  and  in  nearly  all  cases  they  were  apparently 
isotropic.  The  quartz  grains  gave  evidence  of  a  small  amount  of 
solution  in  the  feldspar  glass.  That  a  greater  degree  of  solubility 
was  attained  here  than  in  the  specimens  burned  at  1300°  to  1325° 
w^as  shov,Ti  by  a  more  universal  etching  and  a  more  pronounced 
rounding  of  the  quartz  grains.  When  this  examination  was  made 
the  author  was  unaware  of  the  burning  temperature  of  tlie  body, 
but  from  the  above  data  he  estimated  the  burning  temperature  to 
have  been  1325°  to  1350°.  Subsequently  he  was  informed  by 
G.  H.  Bro^\'n,  of  this  Bureau,  who  prepared  and  burned  the  body, 
that  the  temperature  of  burning  was  1350°. 

18.  Royal  Meissen  Porcelain;  Onion  Pattern. — The  microscopical 
examination  of  this  body  (see  Fig.  18)  revealed  a  microstructure 
which  was  practically  identical  with  that  of  the  previous  body. 
The  dissociation  of  the  clay  had  taken  place  with  the  formation 
of  very  minute  needles  of  sillimanite  and  rounded,  intergrown, 
minute  grains  of  amorphous  silUmanite.  The  quartz  content  was 
fairly  low,  but  the  appearance  of  the  individual  quartz  grains 
indicated  a  small  but  appreciable  solution.  The  burning  temper- 
ature seemed  to  be  close  to  that  of  the  chemical  porcelain  body 
No.  10,  about  1325°  to  1350°. 
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Fig.  i8. — Showing  Royal  Meissen  porcelain;  onion  pattern.  Note  tl:e 
presence  of  both  amorphous  and  crystallized  sillimanite.  Only  the 
smaller  quartz  grains  show  evidence  of  solution  as  manifested  by  the 
rounding  of  the  grains,  while  the  larger  ones  still  retain  their  sharp 
corners.     Magnification^^ 300  diameters 
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Figs.  19  and  20. — Showing  a  Japanese  porcelain.  Note  the  evidences  of  a 
higher  burning  than  in  the  two  Japanese  porcelains  previously  described  and 
photographed  in  Figs.  14  and  j6.  SiUimanite  needles  are  extremely 
well  developed  and  the  quartz  grains,  both  large  and  small,  show  tlie  evi- 
dences of  solution.     Magnification=jSo  diameters 
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19.  Japanese  Porcelain,  Xippon  (C). — This  specimen  seemed  to 
be  the  highest  fired  of  the  three  Japanese  bodies  examined.  Com- 
plete dissociation  of  the  clay  was  observed  with  the  resulting  for- 
mation of  crystallized  and  amorphous  sillimanite,  the  former  being 
in  excess  of  the  latter.  The  silUmanite  needles  were  larger  and 
better  developed  than  an}"  observed  in  the  previous  specimens. 
The  conditions  were  favorable  to  their  growth  since  the  original 
kaolin  content  appeared  to  have  been  com.paratively  low,  and  the 
reverse  apparently  was  the  case  with  the  feldspar.  The  quartz 
grains  showed  unmistakable  signs  of  solution.  The  larger  grains 
possessed  at  least  round  corners  and  a  tendency  toward  rounded 
edges,  whereas  the  smaller  ones  were  elliptical  and  spherical 
shaped,  denoting  considerable  solution.  (See  Figs.  19  and  20.) 
The  largest  quartz  grain  observed  measured  0.12  mm  in  length. 
The  amount  of  crystallized  sillimanite  and  the  amount  of  quartz 
solution  indicated  a  burning  temperature  of  about  1350°. 

20.  Limoges  Porcelain,  L.  Bernardaud  &  Co. — ^The  clay  of  this 
specimen  showed  complete  dissociation.  The  products  of  disso- 
ciation Vi^ere  mainly  line  sillimanite  needles  and  a  comparatively 
small  amount  of  minute  intergrown  amorphous  sillimanite.  The 
quartz  gave  evidence  of  a  greater  solution  than  in  the  previous 
specimen  (see  Fig.  21),  the  larger  grains  appearing  more  rounded. 
The  largest  grain  of  this  mineral  measured  0.12  mm  in  length. 
From  the  progress  of  the  solution  of  quartz  and  the  formation  of 
crystallized  sillimanite  a  burning  temperature  of  1375°  was  esti- 
mated: 

21.  Limoges  Porcelain,  Ahrenfeldt. — As  in  the  case  of  the  pre- 
ceding specimen,  the  dehydrated  clay  had  completely  dissociated, 
and  the  dissociation  had  resulted  for  the  most  part  in  the  forma- 
tion of  fine  silUmanite  needles  and  only  a  small  amount  of  amor- 
phous sillimanite.  The  quartz  appeared  to  have  undergone  quite 
considerable  solution  in  the  glass,  the  etching  and  rounding  of  the 
grains  being  as  pronounced  as  in  the  previous  specimen.  The 
evidence  pointed  to  a  burning  temperature  of  about  1375°. 

22.  Limoges  Porcelain,  Theodore  Haviland. — The  dehydrated 
clay  in  this  specimen  had  not  only  dissociated,  but  the  amorphous 
silUmanite  resulting  from  the  dissociation  had  nearly  all  crystal- 
Uzed  into  needle  crystals  of  sillimanite.  These  varied  in  size, 
being  more  generally  very  small.  Occasionally,  however,  they 
possessed  a  length  of  o.r  mm,  and  when  of  this  size  they  exhibited 
anisotropy,    parallel  extinction,    a   positive   principal   zone,    and 
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biaxial  positive  interference  figures;  all  of  which  are  observ^ed  on 
sillimanite.  The  needles  occurred  more  often  in  irregular  aggre- 
gates, but  at  times  parallel  grouping  and  the  lattice  structure  pre- 
\'iously  described  were  obser\-ed.  Quartz  occurred  in  compara- 
tively small  amounts  as  rounded,  sometimes  almost  spherical, 
grains.  Aggregates  of  rounded  grains  were  noted  which  were 
originally  a  single  grain,  but  solution  had  taken  place  along  frac- 
ture cracks  and  had  disintegrated  the  large  gi'ains  into  smaller 
ones.  That  a  considerable  solution  of  quartz  in  the  feldspar  glass 
occurred  is  very  evident.  The  crystalline  sillimanite  develop- 
ment and  the  solution  of  the  quartz  indicated  a  burning  tempera- 
ture of  about  1375°  to  1400°. 

23.  Limoges  Porcelain,  Haviland,  Ransom  Plain  Pattern. — This 
specimen  (see  Fig.  22)  showed  an  interesting  constitution  and  micro- 
structure  typical  of  high  feldspar,  hard  fired  porcelains.  The  con- 
stituents in  order  of  importance  were  glass,  sillimanite  crystallites 
and  quartz.  The  sillimanite  occurred  in  acicular  crystallites. 
Parallel  grouping  and  lattice  structure  were  sometimes  obser\-ed, 
although  most  of  the  cr5'stallite  aggregates  possessed  no  regular 
orientation.  Some  of  the  needles  were  developed  sufficiently  so 
that  first  order  yellow  interference  colors  were  obser\^ed  with  crossed 
nicols.  The  remaining  optical  properties  agreed  with  those  given  for 
sillimanite.  There  were  comparatively  few  minute  rounded  iso- 
tropic grains  of  amorphous  sillimanite  noted.  The  amount  of  undis- 
solved quartz  was  not  large,  and  the  rounded  to  spherical  appear- 
ance of  the  grains  indicated  the  great  progress  which  solution  in 
the  feldspar  glass  had  made.  The  better  development  of  silli- 
manite and  evidence  of  greater  solution  of  the  quartz  than  in  the 
Ahrenfeldt  and  Theodore  Haviland  bodies  were  taken  to  indicate 
a  slightly  greater  burning  temperature,  probably  about  1400°. 

24.  Royal  Berlin  Chemical  Porcelain. — The  microscopical  ex- 
amination of  this  body  (see  Fig.  23)  as  well  as  the  succeeding 
chemical  porcelain  bodies  revealed  even  a  higher  burning  tem- 
perature than  that  of  tlie  Limoges  practice.  The  most  important 
constituent  obser\'^ed  was  the  glass  resulting  from  the  melting  of 
the  feldspar  and  tlie  subsequent  solution  in  the  melt  of  silica 
resulting  from  tlie  dissociated  clay,  and  of  quartz.  The  silli- 
manite crN'stallites  were  much  intergrown,  and  varied  in  size 
from  almost  submicroscopic  needles  to  some  which  measured  o.  i 
mm  or  more.  The  residual  quartz  grains  were  present  in  very 
small  amounts,  and  their  elliptical  to  spherical  outlines  bore 
witness  to  the  great  amount  of  solution  they  had  undergone. 
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Fig.  21. — Showing  Bernardaud,  Limoges,  porcelain.     Note  the  silUmanite 
needles  and  the  rounded  quartz  grains.     Magnification='j8o  diameters 


Fig.  22. — Showing  Ilaviland,  Limoges,  porcelain.  Note  the  sillimanitc 
development  and  the  elliptically  shaped  quartz  grains.  Magnification^ 
4^0  diameters 
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Fic.  23. — Showing  a  f'acliirc  picic  of  Royal  Berlin  (htniical  porcelain  con- 
sisting of  both  body  and  glaze,  and  demomirating  the  reaction  between  them, 
occurring  during  the  glost  burn.  Note  the  spherical  blebs  and  the  silli- 
vianile  needles  extending  from  the  body  into  the  glaze.  Because  of  tlie 
thickness  of  the  fracture  piece,  the  body  appears  opaque.  Magmficalion= 
^00  diameters 


Fig.  24. — Showing  a  fracture  piece  of  Thuringian  chemical  porcelain  con- 
sisting of  both  body  and  glaze.  Xote  the  similarity  to  Fig.  2J  except  that 
ike  siliimanite  crystals  are  larger.     AIagnification= igio  diameters 
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The  increase  in  the  solution  of  quartz  over  that  in  the  Limoges 
bodies  pointed  to  a  probable  burning  temperature  of  1400°  to 

1425°- 

25.  Thuringian  Cliemical  Porcelain. — This  body  resembles  the 
Royal  Berlin  body  in  constitution  and  microstructure.  (See  Fig. 
24.)  The  constituents  in  order  of  importance  were,  glass,  silli- 
manite  crystallites,  and  imdissolved  quartz.  The  crystals  of 
sillimanite  ranged  in  size  from  extremely  minute  needles  to  those 
upwards  of  o.i  mm  in  length,  and  the  optical  properties  of  the 
largest  needles,  which  showed  unmistakable  anisotiopy,  agreed 
with  those  given  for  sillimanite.  Only  a  small  amount  of  quartz 
was  present,  and  the  grains  bore  evidence  of  great  solution.  The 
similarity  between  the  observations  here  and  tliose  of  the  previous 
specimen  indicated  a  burning  temperature  of  1400°  to  1425°. 

26.  Royal  Meissen  Chemical  Porcelain. — This  body  resembles 
botli  the  Thuringian  and  Royal  Berlin  bodies.  (See  Figs.  25,  26, 
and  27.)  The  sillimanite  crystallites  attained  a  maximum  length 
of  0.23  mm  and  often  exhibited  parallel  grouping  and  lattice  struc- 
ture. As  may  be  expected,  tlie  quartz  grains  bore  evidence  of 
much  solution.  Often  the  residual  quartz  grains  were  surrounded 
by  a  zone  of  glass  free  from  sillimanite  crystallites;  but  almost  as 
often  these  two  constituents  Avere  intimately  associated  with 
each  other.  This  observation  was  made  not  only  with  the  Meissen 
body  but  with  all  tlie  hard  fired  porcelains  examined  in  which 
the  quartz  showed  considerable  solution.  The  above  observa- 
tions indicated  a  bm-ning  temperature  of  1400°  to  1425°. 

27.  Chemical  Porcelain;  Bureau  of  Standards'  Body  No.  14. — The 
constituents  of  this  body  were  a  low  refracting  glass,  sillimanite  crvs- 
tallites  and  residual  quartz  grains.  The  needles  of  sillimanite 
were  very  plentiful  and  for  tlie  most  part  very  mmute  and  inter- 
grown.  The  amount  of  unchanged  quartz  was  small  (not  over 
5  per  cent).  The  burning  temperature  was  estimated  from  the 
constitution  as  being  very  close  to  that  of  the  last  three  chemical 
porcelains  examined,  viz,  1400°  to  1425°.  The  actual  bmrning 
temperature  was  1425°.  Of  interest  in  showing  the  great  solution 
of  the  quartz  at  this  temperature  is  the  composition  of  the  por- 
celain clay  55  per  cent,  feldspar  20  per  cent,  and  quartz  25  per 
cent. 

28.  Royal  Copenhagen  Tableware. — The  microscopical  examina- 
tion of  this  body  gave  evidence  of  its  being  very  hard  fired.  A 
large  amount  of  extremely  minute  sillimanite  crystals,  formed  as  a 
result  of  the  dissociation  of  the  clay  Vv-as  noted.     These  were  with 
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few  exceptions  so  tlioroughly  intergrown  tliat  tlie  structiCre  could 
be  resolved  at  all  only  with  a  high  magnification  (900  diameters 
or  more).  A  small  amount  of  residual  quartz  was  noted,  the 
grains  varying  in  size  from  0.18  mm  to  considerably  less  than  o.oi 
mm.  The  rounding  of  even  the  largest  quartz  grains  was  con- 
clusive evidence  of  its  great  solution.  (See  Fig.  28.)  From  the 
microscopical  study  of  this  body  it  appears  to  have  been  charac- 
terized b}''  a  high  kaolin  and  quartz  content  and  a  lower  feldspar 
content.     Its  burning  temperature  appears  to  have  been  above 

1425°- 

29.  Royal  Copetihagen  Chemical  Porcelain. — This  body  greatly 
resembled  the  Copenhagen  tableware  body.  The  presence  of 
glass  and  sillimanite  was  noted.  The  amount  of  sillimanite  ap- 
peared to  be  greater  than  v/as  obser\'ed  in  the  otlier  chemical 
porcelains.  The  crystal  development,  liowever,  was  not  partic- 
ularly remarkable.  In  fact,  almost  all  tlie  sillimanite  needles  were 
very  minute  and  exceedingly  intergrown.  The  criterion  for  the 
burning  temperature  was  the  almost  complete  absence  of  quartz. 
The  few  quartz  grains  which  were  observed  were  for  the  most  part 
so  minute  as  to  appear  isotropic  witli  crossed  nicols,  and  could  be 
recognized  only  by  the  indices  of  refraction.  There  were  some 
quartz  grains  present,  however,  which  were  immistakably  uniaxial 
and  positive,  but  these  also  were  much  roimded  and  etched  by 
solution.  The  evidence  indicated  a  burning  temperature  higher 
than  1425°. 

30.  English  Bone  China. — This  bod)^  does  not  fall  in  tlie  category 
of  the  porcelain  bodies  examined  in  this  investigation.  Accordmg 
to  B.  Moore-'  a  normal  bone  china  body  consists  of:  Bone  ash, 
44  per  cent;  Cornwall  stone,  30  per  cent;  and  china  clay,  26  per 
cent.  Quartz  and  feldspar  may  be  substituted  for  Cornwall  stone. 
Mellor  ''  from  a  microscopical  study,  states  that  "a  correctly  fhed 
bone  china  body  is  almost  a  vitreous  homogenous  mass,"  and  that 
in  "easy"  fired  bone  chirfa,  "a  few  fragments  with  blurred  edges, 
possibly  undissolved  fragments  of  bone  ash,  china  clay  or  silica, 
remain." 

The  bone  china  specimen  examined  in  this  investigation  con- 
sisted almost  entirely  of  isotropic  material.  This  isoti'opic  mate- 
rial was,  however,  not  homogeneous,  but  consisted  of  two  sub- 
stances, botla  of  which  were  extremely  fine  grained  and  intimately 
intergrown.     One    possessed   a  refractive   index  equal   approxi- 

^  Transactions  Eng.  Ceramic  Society.  5,  p.  37.  ^  Clay  and  Potterj'  Industries,  1,  p.  24. 
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Fig.  25. — Slioiiing  a  frac  lure  fragment  0/  Royal  Meissen  chcmieal  porcc 
lain.     Note  the  similarity  to  Fig.  24.     Magnification^ ^00  diameters 


;l 


Fig.  26. — Showing  fracture  fragments  of  a  Royal  Meissen  chemical  /por- 
celain body  magnified  greater  than  that  of  I'ig.  25.  Note  the  excel- 
lent sillimanite  development.     Magnification^doo  diameters 
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Tig.  27. — Showing  a  fracture  piece  of  Koyal  Meissen  chemical  porcelain 
consisling  of  body  and  glaze.  This  photograph  is  very  interesting  in 
that  it  slw-ds  vol  only  the  sillimanite  needle  denelopmcnt  and  blebs 
between  the  body  and  glaze,  but  also  a  grain  of  quartz  exhibiting  typical 
evidence  of  solution  around  the  edges  and  along  fracture  cracks.  Klag- 
nification= I  go  diameters 


Tig.  28. — Shoning  Royal  Copenhagen  tableware.  Note  the  remnants 
uf  quartz  showing  great  solution  and  the  sillimanite  needle  dei'elopment 
which  is  most  often  obscured  by  intergrowth  but  appears  verv  distinct 
in  one  portion  of  the  field.     Magnification^ ;^So  diameters 
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raately  to  1.53,  and  the  other  an  index  equal  approximately  to 
1.61.  The  lower  refracting  material  resembled  the  glass  noted  in 
ordinary  vitrified  feldspar-clay-quartz  bodies,  altliough  its  com- 
paratively high  refractive  index  suggests  that  possibly  the  phos- 
phate glass  and  the  feldspar  glass  are  mutually  soluble.  The 
higher  refracting  material  occurred  in  irregular  to  rounded  minute 
grains  resembling  that  product  noted  previously  and  called 
amorphous  sillimanite.  In  addition,  a  small  amotmt  of  quartz 
was  observed  in  grains  which  were  fairly  angular.  (See  Figs.  29 
and  30  )     These  grains  were  noted  up  to  o.  1 2  mm  in  length. 

K.  THE  RELATION  OF  MICRO  STRUCTURE  AND  CONSTITUTION  TO  TIME 

OF  BURNING 

From  the  data  obtained  by  the  investigation  of  bodies  prepared 
in  this  laboratory  and  of  commercial  bodies,  it  has  been  noted  that 
there  are  marked  differences  in  microstructure  and  constitution 
depending  upon  differences  in  burning  temperature.  The  ques- 
tion now  arises  whether  there  are  not  great  differences  in  consti- 
tution entailed  in  the  ordinary  differences  in  time  of  biurning, 
since  this  factor  may  vary  in  the  practices  of  individual  concerns  ? 
Undoubtedly  there  are  some  differences,  but  these  are  relatively 
small  when  compared  with  changes  involved  with  the  variation 
of  the  burning  temperature.  For  instance,  the  Bureau  of  Stand- 
ards chemical  porcelain  body  No.  14  was  bxomed  at  1425°  and  the 
Royal  Berlin  chemical  pocelain  was  burned  at  cones  15  to  16, 
about  the  same  temperature.  The  data  on  the  microstructure 
and  constitution  of  these  two  bodies  are  practically  identical, 
notwithstanding  the  fact  that  the  burning  of  om-  body  lasted 
about  24  hours  from  beginning  to  completion,  the  kiln  being  kept 
for  3  hours  at  the  maximum  temperature,  whereas  in  European 
practice  the  time  of  maintaining  the  highest  temperature  range 
may  be  as  long  as  12  hours. 

Another  comparison  may  be  made  between  chemical  porcelain 
body  No.  14  and  the  specimens  of  the  feldspar-quartz-clay  series 
I,  which  had  received  10  successive  burnings  from  1065°  to  1400°. 
The  constitution  of  the  latter  bodies,  notwithstanding  their 
excessive  burning,  indicated  a  slightly  lower  burning  tempera- 
ture than  the  former.  The  quartz,  for  instance,  did  not  show 
quite  the  effect  of  solution  in  the  feldspar  glass  in  any  of  the  speci- 
mens of  series  I  as  in  body  No.  14.  This  fact  is  indeed  fortunate 
from  the  viewpoint  of  predicting  the  burning  temperature  from 
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the  microscopical  examination  of  the  bmTied  product.  If  there 
were  great  differences  in  constitution  caused  by  small  differences 
in  duration  of  burning,  a  low  temperature  body  burned  for  a 
longer  period  would  resemble  a  high  temperatiu-e  body  burned 
for  a  shorter  period.     Fortunately  this  is  not  the  case. 

L.  THE  ABSENCE  OF  CRISTOBALITE  AND  TRIDYMITE  FROM  HARD  POR- 
CELAIN BODIES 

As  has  been  mentioned  pre\dously,  quartz  inverts  to  tridymite 
at  875°  and  to  cristobalite  at  1475°  in  the  presence  of  sodium 
tungstate  as  a  flux.  Furthermore,  we  ^^  have  observed,  in  the 
burning  of  silica  brick,  the  change  of  quartz  direct  to  cristobalite 
at  higher  temperatures  in  the  presence  of  only  a  slight  amount  of 
flux.  Recentlv  we  have  also  noted  the  change  of  cristobaUte  to 
tridymite  when  the  silica  brick  have  been  subjected  many  times 
to  high  temperatures  under  1475°.  Why,  then,  should  we  not 
observe  these  modifications  instead  of  the  residual  quartz  grains? 
The  determination  of  cristobalite  and  tridymite  in  a  porcelain  is 
a  matter  of  difiiculty,  since  these  two  compounds  have  such  a  low 
double  refraction  as  to  appear  isotropic,  or  nearly  so,  in  small 
grains,  and  furthermore,  the  glass  noted  in  porcelain  varies  in  index, 
depending  upon  its  composition,  although  its  index  is  always  in 
the  N-icinity  of  the  indices  of  these  two  compounds.  A  thorough 
and  painstaking  search  has  thus  far  revealed  no  definite  appear- 
ance of  cristobalite  and  tridymite,  while  the  presence  of  residual 
quartz  has  been  demonstrated  in  all  cases.  It  is  probable,  there- 
fore, that  solution  of  the  quartz  in  the  glassy  constituent  takes 
place  more  rapidly  than  its  inversion  to  cristobalite  and  to  tridy- 
mite. Otherwise  we  ought  to  find  unmistakable  evidence  of  the 
presence 'of  these  compounds. 

IV.  SUMMARY  AND  CONCLUSION 

The  investigation  consisted  in  the  microscopic  petrographic 
examination  of  kaoUn,  feldspar-quartz,  feldspar-kaoUn,  and  feld- 
spar-quartz-clay bodies  burned  at  various  known  temperatures. 
Furthermore,  commercial  bodies  of  various  grades  ranging  from 
white  ware  to  hard  fired  porcelain  were  investigated.  The  end 
in  \'iew  was  to  obtain  data  as  to  the  constitution  and  microstruc- 
ture  of  porcelains  and  the  changes  in  these  involved  by  burning 
at  various  temperatures.     Subsequently  it  was  found  possible  to 
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Fig.  29. — Showing  English  bone  china.  Note  the  undissolved  quartz  grains 
and  the  hetcrogencoiis  character  of  the  groitndmass .  MagniJication^jSo 
diameters 


Fig.  30. — Showing  the  same  field  as  that  of  Figure  2Q  taken  in  plane  polar- 
ized light  uith  crossed  nicols.  This  photograph  serves  to  contrast  the  hire- 
fringent  quartz  uith  the  isotropic  groundmass.  Magnification^ ;^8o 
diameters 
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correlate  to  a  certain  degree  the  constitution  and  microstructure 
with  the  burning  temperature  of  bodies  whose  composition  lay 
within  the  Hmits  of  white  ware  and  hard  fired  porcelains. 

This  investigation  leads  to  the  following  conclusions:  Kaolin 
appears  homogeneous  microscopically  when  heated  up  to  1200°. 
At  about  tliis  temperature  a  trace  of  dissociation  occurs.  As  the 
temperature  is  raised  above  1200°  tlie  dissociation  increases  very 
slowly  at  first,  tlien  at  an  increasing  rate,  until  at  1400°  it  seems  to 
be  complete.  The  products  of  dissociation  are  silica  and  aluminum 
silicate.  The  latter  compound  has  been  identified  as  an  amorphous 
phase  of  sillimanite,  from  the  following  facts:  It  shows  no  crystal- 
line form,  has  an  index  of  refraction  above  1.60,  and  by  heating 
at  a  higher  temperature  (about  1450°)  it  inverts  to  minute  needle 
crystallites  corresponding  to  sillimanite  in  all  determinable  optical 
properties. 

Up  to  1340°  in  mixtures  of  quartz  and  feldspar  the  quartz  dis- 
solves to  only  a  small  extent  in  the  feldspar  glass.  At  1460°  the 
quartz  is  practically  completely  dissolved  in  specimens  having  as 
high  a  quartz  content  as  50  per  cent  quartz  to  50  per  cent  feld- 
spar. 

At  1 340°  in  specimens  containing  kaolin  and  feldspar  the  kaolin 
dissociates  entirely.  The  amount  of  crystallized  and  amorphous 
sillimanite  increases  with  an  increased  content  of  kaolin,  at  least  to 
a  concentration  of  50  per  cent  kaolin  to  50  per  cent  feldspar. 

At  1460°  10  per  cent  kaolin  is  apparently  entirely  soluble  in  the 
feldspar  glass.  With  higher  concentrations  of  kaolin  the  amount 
of  crystallized  sillimanite  increases.  The  needle  crystals  are  well 
developed  and  comparatively  large. 

At  1310°  in  quartz-clay-feldspar  bodies  tlie  feldspar  is  present 
as  a  glass;  the  clay  shows  almost  complete  dissociation,  with  the 
formation  of  amorphous  sillimanite  mainly  and  but  little  crystal- 
lized sillimanite,  while  the  quartz  is  undissolved  and  the  grains 
may  possess  considerable  size,  up  to  0.2  mm. 

By  burning  these  bodies  at  1380°  to  1400°  the  feldspar  glass 
dissolves  considerable  quartz,  there  being  only  a  comparatively 
small  amount  of  quartz  remaining.  The  quartz  grains  are  much 
rounded  and  etched,  and  they  seldom  have  a  length  of  0.06  mm. 
The  clay  is  dissociated  with  the  formation  of  crystallized  silliman- 
ite, although  an  extremely  small  amount  of  amorphous  sillimanite 
may  be  present. 

The  changes  involved  by  burning  commercial  bodies  are  identical 
with    those    of    laboratory-prepared    bodies.     Commercial    ware 
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ranges  from  a  low-bumed  porous  whiteware,  in  which,  except  for 
the  dehydration  of  the  clay,  only  the  feldspar  is  changed,  to  high- 
fired  chemical  porcelain,  which  consists  of  glass,  sillimanite  crys- 
tallites, and  more  or  less  of  residual  quartz.  The  quartz  grains 
observed  in  the  whiteware  and  in  the  low-fired  vitreous  ware  are 
large  and  angular,  sometimes  having  a  length  of  0.2  mm  or  more, 
whereas  in  the  hard  porcelains,  due  to  solution,  tlie  quartz  grains 
are  rounded,  etched,  and  seldom  exceed  0.05  mm  in  length. 

The  constitution  and  tlie  microstnicture  of  porcelain  depend 
upon  the  temperature  of  burning,  and  change  as  this  temperature 
changes.  Their  variation  with  temperature  is  given  in  Table  4. 
This  table  has  serx^ed  as  the  basis  for  the  prediction  of  the  probable 
burning  temperatures  of  the  commercial  bodies,  which  was  accom- 
plished with  success.  It  appears  that  the  time-of-buming  factor 
is  by  no  means  as  important  as  the  burning  temperature  in  deter- 
mining the  constitution  and  microstructure  of  the  vrare. 

Mention  must  be  made  here  that  no  cristobalite  or  tridymite 
has  been  definitely  observed  in  any  of  the  laboratory  or  commercial 
bodies  examined.  It  appears  tliat  the  quartz  dissolves  in  tlie 
feldspar  glass  more  readily  than  it  inverts  to  the  other  modifi- 
cations. 

In  conclusion,  we  may  state  that  tlie  petrographic  microscopic 
study  of  porcelain  led  to  interesting  and,  it  is  to  be  hoped,  impor- 
tant technical  results.  It  has  placed  the  chemical  and  physical 
processes  involved  in  the  formation  of  porcelain  on  a  more  quanti- 
tative thermal  basis.  Furthermore,  it  has  offered  a  means  of 
estimating  the  bimiing  temperature  of  a  ware  from  th.e  examination 
of  a  fragment  much  too  small  in  size  to  be  satisf actor}'  for  even  a 
chemical  analysis. 

Acknowledgments  are  due  to  Prof.  A.  V.  Bleininger  for  his 
kindly  suggestions  throughout  the  work;  to  H.  A.  Brady  for  tlie 
preparation  of  the  thin  sections;  and  to  W.  L.  Hov/at,  C.  S.  Kinni- 
son,  and  P.  Teetor  for  the  preparation  of  the  bodies  examined. 

Washington,  July  7,  1916. 
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TABLE  1 
Analyses  of  Materials  Used  in  the  Preparation  of  Feldspar-Quartz-Clay  Specimens  " 


North 
Carolina 
kaolin 

Tennes- 
see ball 
clay 

Georgia 
kaolin 

Feldspar 

Quartz 

SUica.                

Per  cent 

45.84 

38.46 

.57' 

.11 

.19 

.08 

.07 

.35 

14.44 

Per  cent 

50.80 
32.09 
1.56 
1.23 
.18 
.40 
.38 
1.14 
12.49 

Per  cent 

45.69 

37.52 

.53 

1.61 

.18 

.25 

.11 

.20 

14.05 

Percent 

70.79 

16.75 

.22 

Percent 

99  23 

Ferric  oxide            

10 

Titanium  oxide 

Calcium  oxide 

.24 

.18 

3.29 

8.26 

.46 

08 

Magnesium  oxide 

13 

Potassium  oxide 

Loss  on  ignition. 

.22 

Total 

100.11 

100.27 

100. 14 

100. 19 

100  08 

**  lu  the  feldspar-quartz-clay  specimens,  the  clay  material  was  introduced  as  North  Carolina  kaolin^ 
Tennessee  ball  clay,  and  Georgia  kaolin  in  the  proportions  of  5:1:1. 


TABLE  2 

Porcelain  Series  I 

[These  analyses  were  calculated  to  a  water-free  basis  from  the  analyses  of  the  raw  materials.) 


Specimen 
No. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 


Clay 


Per  ct. 

35 
35 
35 
35 
40 
40 
40 
40 
40 
40 
45 
45 
45 
45 
45 
45 
50 
50 


Feld- 
spar 


Per  ct. 

10 
13 
16 
19 
10 
13 
16 
19 
22 
25 
10 
13 
16 
19 
22 
25 
19 
22 


Quartz 


Per  ct. 

55 
52 
49 
46 
50 
47 
44 
41 
38 
35 
45 
42 
39 
36 
33 
30 
31 
28 


SIO: 


Per  ct. 

82.04 
81.13 
80.24 
79.34 
79.87 
78.96 
78.05 
77.14 
76.24 
75.34 
77.63 
76.73 
75.82 
74.90 
73.99 
73.08 
72.65 
71.72 


AljOa 


Per  ct. 

15.71 
16.23 
16.74 
17.26 
17.79 
18.31 
18.83 
19.35 
19.88 
20.40 
19.88 
20.41 
20.93 
21.46 
22.00 
22.52 
23.63 
24.16 


FesOa 


Per  ct. 

0.36 
.36 
.37 
.37 
.39 
.40 
.40 
.40 
.41 
.41 
.43 
.43 
.44 
.44 
.44 
.45 
.47 
.48 


TiOs 


Per  ct. 

0.18 
.18 
.18 
.18 
.20 
.20 
.20 
.20 
.20 
.20 
.24 
.24 
.24 
.24 
.24 
.24 
.26 
.26 


CaO 


Per  ct. 
0.14 
.15 
.16 
.17 
.15 
.16 
.17 
.17 
.17 
.18 
.16 
.16 
.17 
.18 
.18 
.18 
.17 
.17 


MgO 


Per  ct. 

0.15 
.15 
.15 
.15 
.15 
.15 
.16 
.15 
.16 
.17 
.16 
.15 
.16 
.16 
.16 
.17 
.15 
.15 


Na:0 


Per  ct. 

0.39 
.49 
.60 
.69 
.40 
.50 
.61 
.-71 
.82 
.92 
.41 
.51 
.62 
.72 
.82 
.93 
.73 
.84 


Per  ct. 

1.02 
1.28 
1.55 
1.81 
1.06 
1.33 
1.59 
1.86 
2.12 
2.39 
1.09 
1.36 
1.62 
1.89 
2.16 
2.43 
1.93 
2.20 
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TABLE  3 

Porcelain  Series  n 

[These  analyses  we£e  calculated  to  a  water-free  basis  from  the  analyses  of  the  raw  materials] 


Specimen 
No. 

Clay 

Feld- 
spar 

Quartz 

SiOj 

AI2O3 

Fe203 

TiOi 

CaO 

MgO 

Na:0 

K.O 

1 

Perct. 

35 
35 
35 
35 
35 
40 
45 
45 
45 
45 
50 
50 
50 

Per  ct. 

30 
40 
50 
60 
65 
40 
30 
35 
40 
55 
30 
40 
50 

Per  ct. 

35 
25 
15 
5 

20 
25 
20 
15 

20 
10 

Per  ct. 

76.15 
73.08 
70.08 
67.07 
65.55 
70.31 
71.56 
70.13 
68.60 
64.08 
69.28 
66.20 
63.15 

Per  ct. 
19.16 
20.93 
22.63 
24.36 
25.22 
23.01 
23.42 
24.31 
25.17 
27.82 
25.56 
27.34 
29.12 

Per  ct. 

0.38 
.39 
.41 
.42 
.42 
.43 
.45 
.46 
.47 
.48 
.50 
.50 
.52 

Per  ct. 

0.18 
.18 
.18 
.18 
.18 
.20 
.24 
.24 
.24 
.24 
.26 
.26 
.26 

Per  ct. 

0.18 
.20 
.21 
.22 
.24 
.21 
.19 
.20 
.21 
.24 
.19 
.22 
.23 

Per  ct. 

0.16 
.16 
.17 
.18 
.18 
.17 
.16 
.17 
.17 
.18 
.16 
.16 
.17 

Perct. 

1.10 
1.43 
1.78 
2.18 
2.30 
1.45 
l.U 
1.28 
1.47 
1.99 
1.13 
1.49 
1.84 

Per  ct. 

2.77 

2       

3.65 

3 

4.50 

4       

5.38 

5 

5.81 

6 

3.70 

7 

2.87 

8 

3.31 

9       

3.75 

10 

11 

12 

5.08 
2.91 
3.81 

13 

4.68 

TABLE  4 

Temperature  of  Porcelain  Burning  as  Indicated  by  the  Constitution  and  Microstruc- 
ture  of  the  Burned  Specimens 


Observations  on  constitution  and  mic restructure 


Probable  burning 
,  temperature 


Feldspar  melted  to  a  glass;  no  apparent  dissociation  of  dehydrated  kaolin;  no  solu- 
tion of  quartz 

Feldspar  melted;  slight  dissociation  of  dehydrated  clay  with  the  formation  of  amor- 
phous siUimani*e;  no  solution  of  quartz 

Feldspar  melted;  increase  in  dissociation  of  dehydrated  clay  with  the  formation  of 
amorphous  sillimanite;  no  solution  of  quartz 

Feldspar  melted;  considerable  dissociation  of  dehydrated  clay  with  the  formation 
of  amorphous  sillimanite  and  a  trace  of  cr>'stallized  sillimanite;  no  solution  of 
quartz 

Feldspar  melted;  almost  complete  dissociation  of  dehydrated  clay  but  the  amount 
of  sillimanite  crystals  still  very  small;  practically  no  solution  of  quartz 

Feldspar  melted;  complete  dissociation  of  dehydrated  clay  with  a  small  increase  in 
the  amount  of  sillimanite  crystals  although  amorphous  sillimanite  still  predomi- 
nates; beginning  of  quartz  solution 

Feldspar  melted;  sillimanite  needles  appear  to  be  almosi  as  plentiful  as  amorphous 
sillimanite;  solution  of  quartz  is  still  comparatively  small  although  noticeably 
greater  than  at  1325° 

Feldspar  melted;  amount  of  sillimanite  needles  greater  than  that  of  amorphous 
sillimanite;  quartz  dissolved  to  quite  an  extent 

Feldspar  melted;  dissociation  product  of  dehydrated  clay  consists  almost  entirely 
of  crystallized  sillimanite;  quartz  considerably  dissolved 

Feldspar  melted;  comparatively  little  undissolved  quartz;  porcelain  consists  almost 
almost  entirely  of  glass  and  sillimanite  needle  cr>'stals 


About  1200" 
About,  1225° 
About  1250" 
About  1275" 

About  1300° 
About  1325" 

About  1350° 

About  1375° 
About  1400" 
About  1425°  or  more 
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INTRODUCTION 

The  present  importance  of  the  liquid-measuring  pump  is  largely 
due  to  the  great  extent  and  amount  of  the  sale  of  gasoline  as  a 
motor  fuel.  Although  measuring  pumps  are  used  in  other  lines, 
notably  in  the  grocery  and  wholesale  drug  trades,  it  is  neverthe- 
less a  fact  that  by  far  the  greatest  number  are  used  in  the  sale  of 
gasoline  to  motorists;  it  appears  that  a  very  high  proportion  of 
gasoline  sold  in  public  places  for  this  use  is  sold  through  meastu-ing 
pumps. 

*  Read  at  the  Eleventh  Annual  Conference  on  the  Weights  and  Measures  of  the  United  States  on 
May  23,  1916. 
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The  rising  price  of  gasoline  and  the  small  margin  of  profit  to 
the  retailer,  often  amounting  to  but  i  or  2  cents  on  the  gallon,  call 
for  accurate  measurement,  and  make  the  question  of  the  design 
and  testing  of  measuring  pumps  an  important  one. 

The  writer  is  informed  that  there  are  more  than  7000  measuring 
pumps  in  use  in  Greater  New  York  alone.  Approximately  39 
firms  are  engaged  in  the  manufacture  of  measuring  pumps  and 
systems. 

The  wide  adoption  of  measuring  pumps  has  been  due  to  a  num- 
ber of  reasons,  and  the  advantages  here  mentioned  must  be  care- 
fully considered  in  the  drafting  of  specifications  and  regulations  for 
their  governance.  First  maybe  mentioned  convenience,  since  the 
measuring  pump  provides,  through  the  hose  which  is  commonly  at- 
tached, a  means  for  delivering  gasoline  directly  into  the  supply  tank 
of  an  automobile  expeditiously,  without  spilling  and  soiling  the  car 
or  the  premises,  and  with  a  minimum  of  waste  and  evaporation. 

The  second  and  most  important  factor  is  that  of  safety.  The 
highly  volatile  and  inflammable  nature  of  gasoline  makes  its 
handling  in  open  cans  or  measures  undesirable;  the  fire  risk 
in\"oh-es  not  merely  the  premises  of  the  merchant  but  also  the 
automobile,  property,  and  person  of  the  purchaser  as  well.  Gaso- 
line fires  are  particularly  dangerous,  on  account  of  the  quickness 
with  which  they  spread  and  the  difficulty  of  their  extinguishment. 
So  important  is  the  fire  hazard  in  the  dispensing  of  gasoline  that 
several  associations  of  insurance  underwriters  have  framed  special 
regulations  concerning  the  handling  and  storage  of  gasoline  in 
public  garages  and  filling  stations,  while  the  need  for  protection 
of  communities  against  these  same  hazards  has  caused  the  enact- 
ment of  many  city  ordinances  similarly  restricting  this  business. 

A  measuring  pump  may  be  defined  as  a  pump,  or  a  combination 
of  a  pump  with  other  mechanism,  adapted  for  the  measurement 
of  fluids  in  definite  quantities  by  volume. 

In  many  instances  the  pump  itself  forms  the  volumetric  measur- 
ing device,  discharging  a  definite  quantity  for  each  stroke  or 
cycle,  and  in  other  types  of  apparatus  the  pump  is  only  auxiliary, 
operating  to  fill  or  empty  a  suitable  measuring  chamber  in  which 
the  actual  apportionment  of  the  fluid  takes  place.  In  this  paper 
endeavor  will  be  made  to  outline  the  principal  points  of  interest 
and  value  to  the  inspector  of  weights  and  measures  relative  to 
the  design,  construction,  inspection,  testing,  and  super\'ision  of 
measuring  pumps  coming  within  his  jurisdiction. 
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Liquid  Measuring  Pumps 


■Acorn  Nut 


Quantity  Stops 


SefScrew,  Bottom 
of  Cog  Bar 


iylinder  Cut  away 
to  show  pisBon 


Fig.  4. — Typical  piston-type  measuring  pump  installation, 
showing  arrangement  of  tank,  piping,  valves,  etc. 
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PISTON-TYPE  MEASURING  PUMPS 

The  ordinary  piston  pump,  familiar  to  all  in  numerous  industrial 
applications,  possesses  the  measining  property  if  means  are 
provided  for  defining  the  length  of  stroke  and  applying  auxiliary 
mechanism  which  will  insure  that  each  stroke  of  the  piston  will 
discharge  a  volume  of  liquid  equal  to  the  space  volume  generated 
_  by  the   piston  in   its  travel. 

r-r-z — o      .  This  requires  that  valves  be 

tight  and  tlie  piston  close- 
fitting,  so  as  to  prevent  the 
return  of  the  liquid  to  the 
supply  tank  or  cistern,  as  well 
as  leakage  or  slippage  of  liq- 
uid past  the  piston  during  its 
stroke.  Other  requisites  will 
appear  in  the  later  portions 
of  this  discussion. 

Piston  pumps  may  be  either 
single-acting  or  double-act- 
ing; that  is,  they  may  dis- 
charge liquid  either  on  the 
upstroke  only  or  they  may 
discharge  on  both  the  up  and 
down  strokes.  As  a  matter 
of  fact,  single-acting  piston 
pumps  do  discharge  on  the 
return  stroke,  but  the  amount 
of  this  discharge  is  small  and 
in  amount  equal  to  the  vol- 
ume of  the  piston  rod.  Oc- 
casionally two  single-acting 
pumps  are  used  in  combination,  discharging  on  alternate  strokes. 
The  differences  between  the  single  and  double-acting  pumps  are 
of  construction  only ;  the  principles  on  which  they  work  are  too 
well  known  to  need  elaboration  here.  The  points  to  be  consid- 
ered in  their  test  are  the  same  for  each  and  will  be  taken  up  in 
detail  later. 

In  addition  to  the  ordinary,  or  "  reciprocating-piston "  pumps, 
rotating-piston  pumps  are  used.  Those  used  for  measiuing  pur- 
poses are  nearly  all  of  one  type  of  construction,  which  is  illustrated 
in  Fig.  7.     These  pumps  are  used  principalh^  for  measurement 
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Fig.  5. — Diagram  of  double-acting  pump, 
shouing  arrangement  of  valves.  This  type 
discharges  on  both  up  and  down  strokes. 
When  valves  are  in  position  shown,  the 
piston  is  descending 


Bureau  of  Standards  Technologic  Paper  No.  81 


Fig.  I. — Examl>le  of  large  filling  station,  having  lo  nuasuiing  pumps 
for  gasoline  and  4  for  lubricating  oil 
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Fig.  2. — Sectional  elevation  of  typical 
piston-type  measuring  pump 
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Fig.  -5. — Section  of  f'istoii,  showing 
cup-leather,  expander-spring,  and 
lift  valve 
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-Rotary  measuring  pump,  commonly  used  for 
molasses,  tar,  and  other  viscous  liquid 


of  molasses,  tar,  and  similar  viscous  liquids;  hovrever,  some  are 
in  use  for  the  dispensing  of  kerosene,  gasoline,  and  similar  mobile 
liquids.  Obviously,  when  such  pumps  are  employed  for  measur- 
ing piuposes,  the  fit  of 
the  operating  parts 
must  be  very  accurate, 
and  especially  is  this 
true  in  the  case  of  the 
less  viscous  liquids, 
since  more  opportuni- 
ties for  leakage  are 
present  in  this  type  of 
piunp  on  account  of  the 
presence  of  a  greater 
number  of  submerged 
impelling  parts.  An- 
other factor  of  importance  is  that  in  this  type  of  pump  it  is  not 
feasible  to  use  a  flexible  packing  or  piston  material,  which  has  the 

property  of  yielding 
and  conforming  closely 
to  the  enveloping  sur- 
face; on  this  account, 
since  the  relative  mo- 
tion occurs  between 
metallic  stufaces,  great 
care  is  required  in  ob- 
taining smooth  siurfaces 
and  nicely  fitting  parts. 
This  type  of  pump  is 
often  made  so  as  to  be 
driven  by  hand  or  other 
power,  and  one  form  is 
operated  as  a  motor  by 
the  passage  through  it 
of  the  liquid  being 
measured,  under  suit- 
able pressure.  In  the 
latter  case  it  becomes 
a  true  "liquid  meter" 
and  not  a  measuring  pump.  In  one  case  the  effect  of  slippage 
will  tend  to  make  the  instrument  register  more  than  the  true 
amount  passing,  and  in  the  other  case  less  than  this  amount. 
10393°— 17 2 


Fig.  7. — Diagram  showing  operation  of  rotary 
measuring  pump  of  Fig.  6.  The  bars  A  and  B 
slide  in  the  central  shaft  C.  As  the  shaft  rotates, 
the  sliders  take  in  the  liquid  at  D  and  force  it  out 
through  the  port  E 
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A  modification  of  this  type  is  made  which  comprises  an  auxil- 
iary de\'ice  arranged  to  shut  off  the  flow  of  liquid  after  a  certain 
predetermined  quantity  has  passed,  thus  making  it  possible  to 
discharge  automatically  into  a  container  any  desired  quantity  of 
Uquid;  after  such  discharge  the  flow  will  cease,  the  amount  passing 
having  in  the  same  operation  been  registered  upon  a  suitable 
counter. 

COUNTERS 

Most  measuring  pumps  of  the  mechanical  type  are  equipped 
with  a  counter  or  tally,  sometimes  incorrectly  termed  a  "meter," 
the  function  of  which  is  to  count  and  indicate  the  number  of  full 
strokes,  which  have  been  completed.  These  counters  are  es- 
sential appurtenances,  since  without  their  use  disputes  may 
readily  arise  between  the  purchaser  and  the  seller  as  to  the  number 
of  units  which  have  been  discharged.  Obviously,  in  cases  of 
tlus  kind  both  parties  may  beUeve  their  count  to  be  the  correct 
one,  and  a  satisfactory  adjustment  may  be  reached  only  after 
much  unpleasantness. 

The  following  are  the  principal  ends  to  be  sought  in  the  design 
of  these  tallying  devices: 

(a)  Maximum  \-isibiUty  and  readibility  to  both  operator  and 
purchaser. 

(b)  Tallying  only  very  near  to  the  end  of  the  stroke.  This  is 
important  in  order  to  increase  the  difficulty  of  and  the  temptation 
to  "short-stroking." 

(c)  Acciu'ate  pointing  of  the  hand  to  the  correct  figure.  Con- 
structions which  will  permit  the  hand  to  stop  at  a  position  inter- 
mediate to  two  figures  are  to  be  avoided. 

One  of  the  most  common  tj'pes  of  counters  used  is,  in  the 
writer's  opinion,  unsuitable,  its  indications  being  visible  on  the 
edge  or  periphery  of  a  relatively  thick  disk;  such  counters  are 
usually  so  placed  that  their  indications  are  readable  only  from 
the  position  of  the  operator  of  the  pump.  Counters  should  have 
a  dial  reading  on  a  plane  face,  facing  the  purchaser;  if  the  pump 
is  accessible  for  filHng  motor  tanks  from  either  front  or  back,  a 
dial  should  be  pro\'ided  at  both  of  these  aspects. 

METERING  SYSTEMS 

The  next  type  of  pump  to  be  taken  up  is  one  in  which  the 
pump  acts  merely  to  discharge  the  Hquid  through  a  meter.  One 
type  utilizes  the  lower  specific  gravity  of  gasoline  to  maintain  its 
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separation  from  a  quantity  of  water  upon  which  it  floats,  the 
water  acting  as  a  sort  of  liquid  piston,  so  that  by  forcing  addi- 
tional water  into  the  containing  tank,  as  from  a  city  water  supply 
system,  the  gasoline  is  displaced  in  like  quantity  and  delivered 
through  suitable  piping  to  a  convenient  outlet.  Fig.  8  shows  the 
operation  of  the  so-called  hydraulic  system. 

The  application  of  the  so-called  hydraulic  system  at  once  raises 
the  question:  Is  there  any  appreciable  intersolution  of  the  two 
liquids;  that  is,  does  the  water  dissolve  into  the  gasoUne  and  the 
gasoline  dissolve  into  the  water?  In  the  first  case  the  result 
would  ber  a  dilution  of  the  commodity,  and  in  the  second  case  a 
loss  of  the  commodity  into  the  sewer 
into  which  the  water  contents  of  the 
system  are  finally  drained.  Unfortu- 
nately, we  have  been  unable  to  give 
this  question  the  detailed  study  and 
experiment  which  it  deserves,  but  the 
data  available  seem  to  indicate  that 
the  gasoline  received  from  the  refinery 
is  a  saturated  solution  of  water;  that 
is,  it  contains  all  the  water  which  it 
will  carry  at  the  temperature  of  the 
last  process,  since,  after  being  treated 
with  sulphuric  acid  in  the  refining  pro- 
cess the  gasoline  is  thoroughly  washed 
with  water  to  remove  as  far  as  possible 
all  traces  of  acid.  During  this  process 
the  gasoline  undoubtedly  becomes  sat- 
urated with  water  (the  term  is  used  in  the  technical  sense) .  Later, 
as  the  temperature  changes,  the  gasoline  will  change  its  water  con- 
tent, so  as  to  come,  if  conditions  permit,  into  a  solution  equilib- 
rium which  tends  to  obtain  at  a  particular  temperature.  It  is  this 
fact  which  accounts  for  the  frequently  noted  presence  of  water 
in  gasoline  which  at  the  time  of  purchase  was  patently  free  from 
water.  In  view  of  the  facts  just  adduced,  it  is  thought  that 
solution  of  water  into  the  gasoline  is  a  factor  which  may  be  safely 
neglected.  With  regard  to  solution  in  the  other  direction,  it 
may  be  said  that  for  gasoline  of  very  high  grade,  which  is  the  only 
one  upon  which  any  data  have  been  obtained,  the  water  might 
take  up  0.2  per  cent  by  weight  of  gasoline  at  a  temperature  of 
22°  C.  With  the  modem  gasolines,  which,  with  the  exception  of 
the  casing  head  and  blended  products,  are  of  much  heavier  frac- 
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tions  than  the  gasoline  just  mentioned,  facts  seem  to  indicate  that 
the  amount  of  solution  of  gasoline  into  the  water  is  very  small 
and  probably  entirely  negligible,  especially  in  view  of  the  fact 
that  conditions  in  the  storage  tank  are  not  such  as  to  favor  rapid 
diffusion;  to  prevent  this  diffusion  as  far  as  possible,  baffle  plates 
or  their  equivalent  should  be  provided  to  prevent  agitation  of  the 
mass  when  either  water  or  gasoline  are  added  to  the  displacement 
tank. 

In  the  pneumatic  system  the  pressure  of  air  or  an  inert  gas 
is  applied  to  the  surface  of  the  liquid  in  a  tank,  the  liquid  being 
forced  into  the  piping  system  ready  to  discharge  through  a  meter 
at  the  opening  of  a  valve.  Another  type  uses  a  piston  pump  of 
such  design  as  to  eliminate  pulsations  as  perfectly  as  possible; 
this  pump  drives  the  liquid  through  a  meter,  measiu'ement  being 
performed  by  the  meter  in  the  same  manner  as  in  the  hydraulic  and 
pneumatic  systems.  The  mechanical  simplicity  of  the  hydraulic, 
pneumatic,  and  other  meter  systems  are  in  their  favor,  as  are  the 
steadiness  and  continuity  of  flow,  and  the  rapidity  with  which 
the  liquid  may  be  handled. 

It  would  seem  that  the  size  of  the  meter  dials  should  be  con- 
siderably enlarged  over  that  which  is  now  commonly  found  in 
service,  and  the  fineness  of  graduation  be  increased,  perhaps  to 
0.02  gallon.  This  is  necessary  in  order  to  make  its  readings 
equivalent  in  nicety  to  those  of  other  types  of  commercial  liquid- 
measuring  apparatus.  In  other  types  of  pumps,  under  proper 
conditions,  the  discharge  may  be  determined  and  repeated  within 
less  than  i  cubic  inch;  this  would  require  the  hydrauUc-system 
meter  to  be  readable  by  estimation  to  less  than  0.005  gallon. 

The  accuracy  in  measurement  of  these  metering  systems  in  the 
forms  just  illustrated  depends  upon  the  precision  and  reliability 
of  the  operation  of  the  meter  and  the  accuracy  with  wliich  it  may 
be  read.  A  meter  for  this  purpose  must  be  made  with  extreme 
care  and  carefully  maintained.  The  writer's  experience  shows 
that  in  many  installations  it  is  found  necessary  to  clean  these 
meters  at  frequent  intervals;  this  on  account  of  the  very  small 
clearances  permissible,  and  the  apparent  impossibility  of  clarifying 
gasoline  commercially  so  perfectly  that  no  solid  or  sedimentary 
particles  are  carried  into  the  discharge  stream. 

It  should  be  noted  here,  that  in  order  to  obtain  the  best  pre- 
cision and  reproducibility  of  reading  from  a  water  or  gasoline 
meter,  a  constant  rate  of  flow  should  be  maintained;  in  some  sys- 
tems this  is  provided  for  by  arranging  for  the  discharge  of  liquid 
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Fig.  q. — Tyl'e  of  iintalimj-pislon  meter,  commonly  tiwd  in  conneclion 
iciih  the  hydraulic  and  other  metering  systems 
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Fig.  to. — Visible  measurement  system,  discharging  excess  through  overflow  pipe 
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Fig.  12. — In  this  type  the  excess  of  liquid 
is  abstracted  by  siphoning  back  through 
pump,  on  opening  of  the  foot  valve 
in  the  pump  base.  The  different  deliv- 
eries are  obtained  by  hanging  measure 
on  lugs  at  various  heights,  indicated 
by  numbers  o,  }•>,  /,  etc. 


Fig.  II. — Overflow  type,  pumping  by 
vacuum.  The  liquid  is  forced  into  the 
measuring  chamber  i^  from  a  conven- 
ient supply  tank  by  exhaustion  of  the 
air  in  the  chamber.  The  float  13  rises 
and  shuts  off  the  valve  /.  Admis- 
sion of  air  through  a  tuv-zeay  cock 
{not  shown)  allous  the  liquid  in  the 
chamber  to  drain  back  to  the  level  of 
'he  valve  scat.  The  central  tube  is 
adjustable  to  various  heights  by  engage- 
ment uilh  stops,  alloicing  for  various 
units  of  delivery  up  to  the  capacity  of 
the  chamber 
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under  constant  head,  so  maintaining  an  approximately  uniform 
rate  of  flow  through  the  meter.  For  the  same  reason  it  is  suggested 
that  any  valve  or  cock  used  in  the  discharge  line  for  shutting  off 
the  stream  at  the  completion  of  the  delivery  be  of  a  self-closing 
type,  which  can  only  be  maintained  at  either  full  or  zero  opening. 
This  will  effectually  prevent  incorrect  registration  of  the  meter 
due  to  intentional  or  inadvertent  throttling  of  the  flow. 

DEFINITE  VOLUME   MEASURING-CHAMBER    SYSTEMS 

A  number  of  measuring-pump  systems  are  founded  upon  the 
principle  of  overfilling  a  liquid-measuring  chamber  by  adding 
liquid  until  an  excess  is  present  over  the  nominal  delivery  of  the 
apparatus,  and  then  by  one  of  a  number  of  simple  expedients, 
removing  the  excess,  then  discharging  the  adjusted  quantity 
remaining,  through  a  cock  or  hose  in  the  usual  manner.  Such 
pumps  are  usually  made  with  a  glass  measuring  chamber,  in  order 
that  the  operation  of  the  apparatus  and  the  condition  of  the  liquid 
may  be  observ^ed,  and  that  fractional  portions  may  be  estimated, 
or  price  computation  be  facilitated. 

The  initial  delivery  of  the  total  volume  of  fluid  may  be  made 
by  any  one  of  a  number  of  means ;  those  commonly  employed  are 
the  production  of  a  vacuum  in  the  chamber  so  that  the  Hquid  will 
be  forced  by  atmospheric  pressure  from  the  supply  tank;  forcing 
of  the  liquid  by  application  of  pressure  in  excess  of  atmospheric 
to  the  interior  of  the  supply  tank ;  and  mechanical  pumping.  The 
abstraction  of  the  excess  over  the  nominal  delivery  can  be  per- 
formed by  the  same  methods. 

These  details  can  be  better  understood  by  reference  to  concrete 
examples  shown  in  the  illustrations  herewith. 

It  is  suggested  that  in  the  types  of  pumps  just  described  the 

whole  measuring  chamber  should  be  clearly  visible,  so  that  the 

presence  of  sediment  or  other  foreign  material,  which  will  act  to 

reduce  the  initially  adjusted  volume,  can  be  readily  detected  and 

corrected. 

GAUGE-GLASS  SYSTEMS 

Another  simple  method  of  liquid  measxu-ement  is  similar  to  the 
foregoing,  with  the  exception  of  the  excess  abstraction  feature  just 
described. 

A  tall  slender  tank  is  proArided,  either  carrying  a  transparent 
gauge  glass,  or  itself  made  of  glass.  Beside  or  mounted  upon  the 
gauge  glass  is  a  graduated  scale  reading  directly  in  units  of  volume. 
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In  some  cases,  instead  of  a  gauge  glass  a  float  arrangement  is  used, 
the  float  inside  the  cylinder  being  connected  by  a  rod  or  wire  to  an 
indicator  outside.  This  device  obviates  the  danger  of  breakage 
which  is  present  when  gauge  glasses  are  used,  and  if  properly  con- 
structed, will  sen,-e  the  purpose  well. 

The  graduated  scale  may  be  securely  and  permanently  aflixed,  in 
which  case  the  initial  level  of  the  liquid  must  be  adjusted  to  the 
zero  of  the  scale,  as  by  discharge  at  a  definite  level  through  an 
overflow  pipe ;  or  it  may  be  slidably  mounted,  in  which  case  its  zero 
is  adjusted  into  coincidence  with  the  level  at  which  the  liquid 
stands  before  each  delivery  is  begun.  The  amount  discharged 
upon  the  opening  of  a  valve  is  read  by  the  fall  of  the  liqtiid 
column. 

It  should  be  noted  that  in  the  first  case,  with  the  scale  per- 
manently fastened,  the  tank  need  not  be  of  uniform  cross  section, 
since  the  scale  can  be  calibrated  to  give  correct  indications  for 
any  given  tank,  while  in  the  second  case,  with  the  slidably  mounted 
scale,  the  tank  must  be  of  uniform  cross-sectional  area,  since 
the  value  of  a  scale  interv^al  must  be  the  same  for  any  position  of 
the  zero  point. 

It  will  be  necessary  to  restrict  the  permissible  diameter  of  tanks 
employed  in  this  and  similar  constructions  in  order  to  limit  the 
volume  equivalent  of  a  unit  length  of  scale  inter\'al.  The  WTiter 
has  found  a  number  of  such  tanks  in  use  in  which  the  diameter  was 
so  large  that  small  differences  in  deUvery  were  quite  unreadable. 
In  one  installation  the  tanks  were  approximately  30  inches  in 
diameter,  the  graduation  corresponding  to  i  gallon  being  but  0.33 
inch.  Such  a  high  value  of  volume  equivalent  per  unit  of  length 
of  graduation  interval  will  be  excluded  by  specification  limiting 
the  maximum  cross-sectional  area  of  the  tank. 

WHEELED  TANKS 

The  wheeled  tank  is  coming  into  wider  and  wider  use,  and  there 
are  many  applications  in  which  it  has  decided  advantages.  It  is 
easier  and  more  expeditious  to  maneuver  a  portable  tank  into  posi- 
tion for  filling  a  motor  car  than  it  is  to  place  an  automobile  into 
correct  position  for  filUng  from  a  stationary  pump.  This  is  espe- 
cially true  of  crowded  locations,  where  the  maneuvering  of  auto- 
mobiles is  always  accompanied  by  the  danger  of  striking  other  cars 
and  stationary-  objects.  There  are  certain  other  advantages 
possessed  by  the  wheeled  tank,  principal  among  which  is  the  fact 
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Fig.  13. — Gauge-glass  type.  The  rotary  pump  sIioil  11  ()ioii»i,'iiMinii,j) 
supplies  liquid  lo  the  tank  to  any  desired  level  on  the  graduated  scale. 
Delivery  is  completed  by  opening  of  the  discharge  cock 
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that  its  construction  favors  accuracy  of  delivery.  In  the  wheeled 
tank  the  pump  is  carried  partly  submerged  in  the  liquid,  and  the 
tendency  toward  foaming  or  vapor  formation  is  very  greatly 
diminished;  in  addition,  the  tendency  toward  leaking  back  is 
reduced,  and  the  pump  can  be  expected  to  deliver  its  first  gallon 


Fig.  14, — Section  of  typical  wheeled,  or  portable,  measuring 
Pump ,  showing  partial  submergence  of  cylinder  parts  in 
the  liquid 

after  an  interval  of  disuse  with  much  greater  accuracy  than  one 
connected  to  a  long  suction  pipe  which  may  reqviire  to  be  partly 
refilled  before  discharge  at  the  hose  outlet  can  begin.  Wheeled 
tanks  should  be  provided  with  splash  plates  to  reduce  the  liberation 
of  vapor  from  the  contained  Uquid. 
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INSPECTION  AND  TESTING 
PIPING  AND  VALVES 

A  primary  requisite  for  accurate  measurement  is  freedom  from 
leaks.  A  piston  pump  may  be  readily  tested  for  the  presence  of 
leaks  in  the  piston  and  on  the  discharge  side  by  tightly  closing  the 
outlet  valve  and  performing  a  number  of  short  strokes  until  a 
strong  resistance  is  felt  to  the  motion  of  the  handle.  This  stored- 
up  pressure  the  pump  should  retain  for  some  time,  and  if  appre- 
ciable leaks  are  present  in  the  piston  and  on  the  discharge  side,  they 
will  be  noticeable  under  this  test. 

However,  the  presence  of  leaks  in  the  suction  line  is  still  more 
likely  to  be  fatal  to  the  accuracy  of  the  pump  discharge,  for  several 
reasons:  First,  gradual  return  drainage  of  liquid  stored  in  the 
suction  Une  to  the  tank,  on  account  of  leakage  of  the  foot  valves 
or  of  the  suction  piping;  and,  second,  the  admission  of  air  through 
leaky  suction  piping  during  the  continuance  of  the  vacuum  which 
is  created  on  the  suction  stroke.  This  admitted  air  mixes  with  the 
liquid,  and  the  pump  measurement  will  comprise  a  mixture  of 
liquid,  air,  and  vapor.  Under  such  conditions  accurate  measure- 
ment is  impossible,  and  if  the  pump  is  adjusted  to  give  an  approxi- 
mate accuracy  at  a  given  time  with  these  conditions  obtaining,  the 
slightest  change  in  temperature,  quality  of  gasoline,  size  and  num- 
ber of  leaks,  speed  of  operation,  and  action  of  operating  parts  will 
result  in  gross  inaccuracy  of  delivery. 

Excessive  constriction  of  either  the  suction  or  the  discharge  line 
may  result  in  faulty  measurement.  With  regard  to  the  suction 
Une,  the  resulting  resistance  is  a  kinetic  one  operating  to  increase 
the  virtual  suction  lift,  but  in  regard  to  the  discharge  line  it  should 
be  noted  that  partial  closing  of  the  discharge  valve  or  the  presence 
of  obstructions  in  the  discharge  piping  may  act  so  as  to  interpose 
an  abnormal  resistance  to  the  liquid  stream  and  on  account  of  the 
effects  of  sHppage  may  produce  large  errors  in  deficiency.  The 
flow  of  liquid  from  the  nozzle  should  be  a  full,  smooth  stream. 
Constricted  passages  and  obstructions  near  the  nozzle  are  evidenced 
by  a  characteristic  appearance  of  eddying  and  agitation  of  the 
discharge  stream. 

Every  effort,  then,  should  be  made  to  install  the  piping  of 
measiuring  pump  systems  with  the  utmost  care,  and  garage  and 
filling-station  owners  should  be  directed  to  follow  with  scrupulous 
exactness  the  full  and  explicit  directions  which  most  makers  fur- 
nish as  a  guide  in  the  installation  and  operation  of  their  systems. 
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It  would  not  serve  any  useful  purpose  to  quote  here  these  instruc- 
tions, since  they  can  be  obtained  from  measuring  pump  manu- 
factiu'ers  upon  request.  The  inspector  of  weights  and  measures 
can  do  a  real  service  by  gi^^ng  this  advice  and  supervision  in  the 
installation  of  measuring  pump  systems,  as  garage  and  filling- 
station  owners  often  disregard  the  instructions  furnished  by  the 
makers  of  the  pumps,  and  so  make  gross  errors  in  installing  their 

outfits. 

HOSE  CONNECTIONS 

A  question  which  must  be  carefull}-  considered  in  the  matter  of 
insuring  correct  delivery  from  liquid-measuring  pumps  is  tlie  hose 
which  is  commonly  used  in  the  filling  of  automobile  gasoline  tanks. 
Even  the  shortest  and  smallest  diameter  hose  in  use  hold  an 
appreciable  quantity  of  gasoline;  within  the  writer's  knowledge, 
the  smallest  diameter  of  hose  in  use  on  gasoHne-measuring  piunps 
is  about  of  0.75  inch  internal  diameter.  A  tube  10  feet  long  of  this 
diameter  will  contain  53  cubic  inches,  or  nearly  i  quart.  There  are 
many  gasoline  hose  in  use  of  i  %  inches  or  more  internal  diameter; 
such  a  hose,  i^  inches  in  diameter  and  10  feet  long,  will  contain 
147  cubic  inches. 

The  presence  of  the  hose  in  the  delivery  system  of  the  pump 
introduces  an  important  element  of  variation  in  the  quantity 
delivered  to  the  individual  purchaser ;  if  the  point  at  which  the  hose 
is  connected  to  the  pump  piping  is  at  a  properly  chosen  height 
above  the  highest  level  at  which  gasoline  will  be  normally  delivered 
into  the  gasoline  tank  of  an  automobile,  the  hose  will  in  all  parts 
slope  downward,  and  no  liquid  will  be  trapped  in  it,  the  whole 
contents  being  rapidly  drained  toward  the  exit  end.  If,  however, 
the  point  of  connection  of  the  hose  to  the  pump  is  low  in  relation  to 
the  point  at  which  the  gasoline  is  discharged  to  the  gasoline  tank, 
a  considerable  portion  of  the  hose  may  loop  downward  below  the 
level  of  the  discharge,  and  a  quantity  of  gasoline  will  be  retained 
when  the  hose  is  finally  hung  back  into  place  on  the  pump,  unless 
the  purchaser  takes  care  to  lift  the  low-hanging  portions  of  the 
hose  so  as  to  drain  the  contents  as  completely  as  possible  into 
his  tank.  It  may  be  said  in  passing  that  tliis  expedient  is  being 
more  and  more  widely  adopted,  with  the  present  rise  in  the  price 
of  gasoline.  The  effect  of  retrograde  sloping  portions  of  the  hose 
in  causing  short  delivery  to  individual  purchasers  is  one  that  calls 
for  a  remedy,  and  it  is  recommended  that  where  hose  or  flexible 
tubing  is  employed  in  the  discharge  end  of  the  delivery  system, 
the  inner  end  of  the  hose  be  of  such  height  in  relation  to  the  length 
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and  stiffness  of  the  hose  that  all  portions  of  the  hose  slant  dovm- 
ward  toward  the  exit  end,  in  the  deliver}-  of  gasoline  to  the  high 
est  motor-car  fuel  tank  found  in  common  use. 

The  writer  seriously  questions  the  advisability  of  the  use  of  a 
shut-off  cock  at  the  end  of  the  delivery  hose.  The  makers  and 
users  of  pumps  frequently  maintain  that  such  a  cock  is  neces- 
sary to  prevent  overflo^ving  of  the  gasoline  about  the  motor  car 
in  case  more  fuel  has  been  asked  for  than  the  tank  will  contain. 
Obser\-ation  seems  to  indicate  that  the  occasions  when  such  over-, 
flow  would  occur  are  very  infrequent  and  can  be  entirely  elimi- 
nated by  care  and  attention  on  the  part  of  the  operator,  and  that 
in  many  cases  the  presence  of  a  cock  at  tlie  end  of  the  hose  acts 
so  as  to  facilitate  the  retention  in  the  hose  itself  of  a  portion  of 
the  fuel  purchased.  While  this  involves  no  gain  to  the  owner  of 
the  pump,  it  does  often  involve  short  measure  to  the  individual 
piu-chaser,  who  often  may  not  obtain  the  quantity  of  gasoline  in 
the  hose,  to  which  quantit}-  he  is  fully  entitled,  unless  proper 
deduction  is  made  from  the  reading  of  the  pump  by  measuring  it 
back  into  a  measure.  It  will  surely  be  admitted  that  this  amomit 
retained  \\^11  not  ordinarily  be  deducted  in  reckoning  the  pur- 
chase, and  it  is  therefore  urged  that  this  use  of  a  cock  at  the  hose 
outlet  be  done  away  w^th;  it  has  already  been  dispensed  with  by 
a  number  of  makers.  The  cock  at  the  pump  end  of  the  hose  may 
properly  remain  to  prevent  evaporation  or  accident  by  loss  of 
liquid  from  the  pump  contents. 

While  measm-ing  pumps  will  frequently  be  found  in  operation 
under  conditions  which  predicate  perfect  tightness  of  valves,  it 
is  the  opinion  of  the  writer  that  the  valves  of  a  gasoline  pump  may 
not  usually  be  relied  upon  as  being  sufficiently  tight  to  assure  a 
correct  first  delivery  after  the  pump  has  stood  unused  for  a  num- 
ber of  hours,  as,  for  example,  overnight.  Probably  when  the 
pumps  lea\'e  the  factory  the  valves  will  be  tight  enough  to  hold 
gasoline  for  long  periods.  It  seems  certain,  however,  when  one 
considers  the  wear  the  valves  are  subjected  to  in  service  and  the 
presence  of  particles  of  grit  and  solid  matter  present  in  the  gaso- 
line, and  coming  into  the  gasoline  from  the  interior  walls  of  the 
piping  and  the  tanks,  that  perfect  or  even  sensible  tightness  of 
check  and  foot  valves  is  impossible  of  attainment  in  practice. 
This  being  the  case,  a  proper  use  of  defined-stroke  piston  type 
measuring  pumps  would  require  tliat  their  delivery  be  not  relied 
upon  as  accurate  after  the  pump  has  stood  unused  for  a  consider- 
able length  of  time  until  at  least  one  correct  discharge  has  been 
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Fig.  15. — Excessively  long  hose  due  to  [^ump  being  set  hack  from 
curb.  The  practical  impossibility  of  draining  such  hose  into 
the  purchaser's  tank  is  obvious 


Fig.  i5. — Showing  hose  connection  at  curb  level,  making  it  im- 
possible to  secure  complete  or  uniform  drainage  in  service 


Fig.  17. — Delivery  hose  outside,  pumps  inside.  Bad  practice 
unless  purchaser  can  clearly  observe  the  operation  of  the  pump 
from  his  position  outside 
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delivered.  Another  cause  of  short  dehvery  on  the  first  discharge, 
which  will  be  taken  up  in  detail  under  the  next  heading,  is  the 
formation  of  gasoUne  vapor  under  the  piston,  due  to  the  reduced 
pressure  to  which  the  gasoline  is  subjected  on  account  of  the 
height  of  the  liquid  column  above  its  free  surface.  The  impor- 
tance of  these  conditions,  and  the  fact  of  their  existence,  may  be 
easily  demonstrated  by  simple  tests.  It  is  therefore  strongly 
recommended  that  users  of  gasoHne  pumps — and  the  same  ap- 
plies to  pumps  used  for  heavier  hydrocarbons  in  a  lesser  degree — 
be  urged  to  discharge  the  first  cylinderful,  after  the  pump  has  so 
stood  for  a  considerable  period,  into  a  can  or  other  receptacle, 
thence  to  be  returned  to  the  storage  tank  as  opportunity  may 
afford. 

HEIGHT  OF  SUCTION  LIFT 

Attention  is  here  directed  to  a  matter  to  which  neither  manu- 
facturers nor  users  of  gasoline  pumps  appear  to  have  devoted 
sufficient  attention;  this  is  the  question  of  the  permissible  maxi- 
mum suction  lift.  A  volatile  liquid  like  gasoline  can  not  be 
lifted  on  the  suction  side  of  a  pump  to  a  height  nearly  as  great  as 
water  can  be  lifted  under  similar  conditions.  This  is  on  account 
of  the  fact  that  the  vapor  tension  of  the  liquid  on  comparatively 
small  lifts  becomes  greater  than  the  reduced  pressure  above  the 
liquid  column  and  boiling-off  of  a  portion  of  the  material  as  well 
as  liberation  of  a  portion  of  the  dissolved  air  take  place.  Gasoline 
is  a  mixture  of  a  number  of  petroleum  fractions  which  have 
different  boiling  points  and  if  the  boiling  point  of  the  lowest 
boiling  of  these  several  fractions  is  reached  by  reduction  of  pres- 
sure, that  constituent  will  start  to  vaporize  rapidly  with  the  effect 
of  filling  the  space  under  the  piston  to  a  greater  or  less  extent  with 
the  vapor  of  that  fraction,  and  the  pump,  instead  of  delivering 
gasoline  alone,  will  deliver  a  mixtiu-e  of  gasoline,  liquid  and  vapor. 

Various  manufacturers  in  their  literature  advise  the  limiting  of 
the  suction  lift  to  a  height  of  from  10  to  12  feet,  but  from  a  few 
simple  experiments  performed  at  the  Bureau  of  Standards  this 
value  seems  altogether  too  high,  and  it  appears  that  a  lift  greater 
than  7  feet  may  be  excessive  for  some  of  the  ordinary  commercial 
grades  of  gasoline. 

For  grades  of  gasoline  containing  a  considerable  proportion  of 
light  fractions,  such  as  casing-head  gasoUne,  the  suction  head 
allowable  becomes  practically  zero.  In  cases  where  these  very 
volatile  sorts  of  gasoline  are  to  be  lifted  with  a  piston  pump,  the 
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usual  installation  must  be  modified.  Fig.  i8  shows  a  form  of 
installation  in  which  the  suction  head  is  reduced  nearly  to  zero, 
the  vertical  lift  being  all  obtained  on  the  discharge  side.  Under 
such  an  arrangement  the  error  due  to  vaporization  practically 
disappears. 

Fig.  19  points  out  the  importance  of  having  a  continuous  slope 
in  one  direction  from  the  pump  to  the  supply  tank.     If  there  are 

traps  or  points  of  reversing  slope  in 
the  pipe  line,  any  vapor  formed  will 
tend  to  become  lodged  at  these  points 
and  cause  irregular  and  incorrect 
measvuement  due  to  the  entrainment 
of  these  "vesicles"  of  vapor. 


0 
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EFFECT  OF  INERTIA  OF  THE  LIQUID 

COLUMN 
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A  source  of  error,  the  magnitude  of 
which  the  wTiter  has  not  yet  had 
opportunity  to  determine,  is  the  iner- 
tia of  the  mo\-ing  liquid  column.  In 
the  usual  piston  pump,  during  the 
delivery  stroke,  all  valves  are  open  in 
one  direction  to  permit  the  free  pas- 
sage of  the  stream.  Now,  if  the 
stroke  be  suddenly  completed  by  the 
contact  of  the  piston  rod  against  a 
rigid  stop,  the  tendency  of  the  liquid 
column  will  be  to  continue  in  motion 
until  the  energ\'  of  its  motion  is  ab- 
sorbed by  the  friction  of  piping,  valves, 
and  fittings,  and  the  elevation  of  the 
mass  against  the  force  of  gravity. 
The  energy  of  tliis  stream  is  propor- 
tional to  the  product  of  its  mass  times 
the  square  of  its  velocity ;  the  inertia 
error,  therefore,  can  be  made  a  minimum  by  decreasing  the  veloc- 
ity of  flow  at  the  expense  of  the  mass  of  the  moving  liquid,  or 
practically,  by  increasing  the  diameter  of  the  piping. 

Pumps  having  a  high  rate  of  deliven,-  may  to  advantage  be 
equipped  with  a  de\'ice  which  will  close  a  valve  in  the  suction  line 
at  the  instant  the  deliver}.'  stroke  is  completed.  The  only  effect 
of  inertia  then  will  be  to  cause  a  slight  and  probably  negligible 
"  water  hammer." 


supply  tank 


Fig.  18. — Arrangement  of  the  meas- 
uring cylinder  at  or  near  the  level 
of  the  supply  tank,  employed 
when  the  vertica  I  lift  is  necessarily 
great,  or  the  liquid  to  be  measured 
very  volatile 
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DEFICIENT  DELIVERY  DUE  TO  INCOMPLETE  STROKES 

Most  measuring  pumps  of  the  piston  type  can  be  made  to 
deliver  in  deficiency  by  "short-stroking" — that  is,  by  failing  to 
bring  the  piston  to  the  limit  determined  by  its  stops,  at  either  or 
both  ends  of  the  stroke.  Tliis  is  analogous  to  incomplete  filhng 
or  incomplete  emptying  of  a  can  or  measure,  and  under  present 
conditions  must  be  guarded  against  by  vigilance  on  the  part  of  the 
purchaser. 

It  should  be  pointed  out  at  this  time  that  it  is  a  matter  of  no 
great  difficulty  to  design  measuring  pumps  which  can  not  be 
fraudulently  operated  through  strokes  shorter  than  the  normal. 
One  of  the  simplest  means  is  the  use  of  the  famiUar  crank  and 
connecting  rod  mechanism,  with  the  addition  of  a  ratchet  to 
prevent  reversal  of  rotation  before  the  completion  of  the  delivery 
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Fig.  19. — Illustrating  correct  and  incorrect  practice  in  installation  of  piping.  Suction 
pipe  should  have  a  continuous ,  though  not  necessarily  uniform,  pitch  from  pump  back 
to  tank 

and  a  trigger  or  snap  to  hold  the  crank  or  handle  in  place  at  the 
initial  and  final  point  of  the  stroke.  Such  a  mechanism  will  permit 
adjustment  of  the  discharge  to  the  standard  in  just  as  convenient 
and  flexible  a  manner  as  those  at  present  employed. 

The  inspector  of  weights  and  measures  should  exercise  a  super- 
vision over  the  ordinary  use  of  piston-type  meastuing  pumps  in 
trade,  and  satisfy  himself  that  the  merchants  do  not  deliver 
short  measure  by  failure  to  complete  the  full  stroke.  This  is  a 
practice  which  is  easy  in  execution  and  difficult  to  establish  as  a 
violation  of  the  law,  since  under  some  laws  intent  to  defraud  is  an 
element  of  the  violation  and  it  is  often  very  difficult  to  prove  that 
this  intent  was  present.  It  is  the  writer's  opinion  that  pumps 
of  the  piston  type  in  which  incomplete  strokes  may  be  performed 
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should  be  provided  with  a  placard  or  sign  reading  somewhat  as 

follows:   THIS    PUMP    TO    DELIVER    GALLONS    ON    EACH    FULL 

STROKE. 

A  means  to  fraud  which  should  be  guarded  against  is  the  by- 
passing of  a  portion  of  the  discharge  stream  back  into  the  supply 
tank.  Any  piping  connecting  the  discharge  side  of  the  pump  to  a 
tank  or  basin  may  be  looked  upon  with  suspicion.  A  number  of 
tj-pes  of  measuring-chamber  pumps  may  be  so  operated  as  to 
allow  the  rettim  of  liquid  to  the  supply  tank  at  the  same  time  that 
the  discharge  to  the  customer  is  taking  place.  These  pumps 
should  be  so  modified  that  the  operation  of  returning  to  the  supply 
tank  the  liqioid  stored  in  the  measuring  chamber  can  not  be  per- 
formed except  by  a  mechanical  device,  the  purpose  and  action  of 
which  are  clearly  perceptible  to  the  purchaser,  or,  better  still, 
which  can  not  be  operated  while  the  regular  outlet  is  open. 

A  number  of  instances  have  come  to  the  writer's  attention  in 
which  garages  have  in  ser\nce  a  measuring  pump  which  is  used 
merely  for  filling  wheeled  tanks  or  cans  and  not  as  a  measuring 
device,  unless  perhaps  as  a  check  on  the  distribution  of  gasoline 
at  various  selling  pumps.  In  cases  of  this  kind  in  which  the 
inspector  is  assured  by  the  owner  that  the  pump  will  not  be  used 
directly  in  the  sale  of  gasoline  to  consumers,  the  pump  need  not 
be  tested  and  sealed,  provided  that  steps  are  taken  to  insure 
against  its  being  used  as  a  measuring  instrument.  This  can  be 
simply  done  by  placarding  such  pumps  with  a  sign  reading  some- 
what as  follows:  this  pump  is  not  to  be  used  for  measuring 

PURPOSES. 

In  no  case  should  the  inspector  permit  a  pump  to  be  left  unin- 
spected and  unsealed,  unless  some  precaution  of  tlais  kind  is  taken 
to  prevent  its  use  for  measuring  purposes. 

ROUTINE  OF  TEST 

In  testing  a  measxu-ing  pump  the  hose  may  often  be  removed 
and  the  test  deliveries  taken  directly  from  the  pipe  outlet.  In 
other  installations  a  can-filHng  outlet  is  provided ;  in  such  cases  the 
valve  at  the  inner  end  of  the  hose  should  be  tightly  closed,  and 
the  test  dehveries  taken  from  the  can-filling  outlet. 

Determine  first  the  accuracy  of  the  initial  delivery  of  the  pump 
as  found,  beginning  with  the  handle  in  the  correct  starting  posi- 
tion. The  error  will  be  determined  in  this  manner:  Have  ready 
a  standard  measure  of  capacity  equal  to  the  nominal  discharge  of 
the  pump  for  each  full  stroke,  if  this  size  measure  is  available,  and 
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start  pumping  into  the  measure  at  about  the  normal  speed  of 
operation  of  the  pump,  intercepting,  however,  during  the  process, 
a  portion  of  the  discharge  into  a  straight  cylindrical  graduate  of 
about  35  cubic  inches  capacity.  When  the  discharge  of  the  pump 
is  completed,  and  the  operating  handle  returned  to  its  starting 
position,  see  that  the  standard  measure  is  accurately  level,  and 
pour  from  the  graduate  into  the  measure  until  the  latter  is  exactly 
full,  or  until  no  more  liquid  remains  in  the  graduate.  If  the 
pump  is  delivering  in  excess  a  portion  of  its  discharge  will  remain 
in  the  graduate  after  the  standard  measure  is  exactly  filled,  and 
this  quantity  may  be  read  off  as  the  error  of  the  pump  in  excess. 

If  the  pump  is  delivering  in  deficiency,  the  amount  in  the 
graduate  will  be  insufficient  to  fill  the  standard  measure,  and  a 
suitable  amount  of  liquid  in  addition  may  be  poured  into  the 
graduate  from  any  convenient  supply,  the  reading  of  the  graduate 
being  noted.  Then  pour  from  the  graduate  into  the  standard 
measure  uij.til  the  latter  is  exactly  filled,  and  again  read  the 
quantity  of  liquid  in  the  graduate.  This  value  subtracted  from 
the  reading  of  the  graduate  just  taken  will  be  the  error  of  the  pump 
in  deficiency. 

The  set  of  readings  taken  as  above  will  determine  the  error  of 
the  pump  as  found.  Now,  readings  may  be  taken  to  determine 
the  action  of  the  pump  when  operating  imder  the  conditions  of 
service.  Proceed  in  the  manner  above  described,  operating  the 
pump  at  a  slow  speed  for  one  determination,  and  at  high  speed 
for  the  next  determination,  noting  the  error  in  each  case.  If 
either  of  the  determinations  just  described  is  in  error  in  excess  of 
the  tolerance  allowable,  the  pump  should  be  recommended  for 
repair  or  adjustment.  The  two  speeds  used  for  the  tests  just 
outlined  should  be  considerably  different,  one  faster  than  normal 
operation  and  one  slower  than  normal  operation.  Neither  speed, 
however,  should  be  greatly  outside  the  range  which  may  be  ex- 
pected to  occur  in  actual  use  of  the  pump. 

Slicker  plates  may  or  may  not  be  used  in  the  work  with  the  test 
measiu^e,  according  to  the  precision  desired.  The  use  of  sHcker 
plates  will  undoubtedly  give  better  results,  and  will  serve  to 
impress  observers  with  the  need  for  care  and  accuracy  in  this 
work. 

A  simple  and  useful  form  of  testing  standard,  which  can  be 
constructed  in  the  i  and  5  gallon  sizes,  will  serve  all  the  ordinary 
purposes  of  field  testing  of  measuring  pumps.     This  graduate  is 
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shown  in  Fig.  22.  By  using  this  measure,  the  design  of  which  is 
due  to  Theo.  Seraphin,  of  the  office  of  the  county  commissioners, 
Philadelpliia,  the  determination  of  the  error  of  delivers  for  all 
ordinary-  ranges  of  error  becomes  merely  a  matter  of  reading  off 
the  height  of  the  Uquid  surface  on  the  graduated  scale  of  cubic 
inches  shown.  This  measure  can  be  readily  hung  upon  the  de- 
livery tap  of  the  pump,  or  it  can  be  set  upon  the  floor  under  the 
pump,  as  circumstances  may  dictate.  WTiile  this  measure  is  not 
at  present  on  the  market,  it  can  doubtless  be  constructed  to  order 
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Fig.  22. — Seraphin  type  of  testing  measure  for  field  use, 

graduated  for  direct  determination  of  excess  or  deficiency 
uithin  the  ordinary  range  encountered 

at  a  moderate  price  by  any  one  of  a  number  of  firms  making  simi- 
lar apparatus. 

If  a  measuring  pump  is  in  good  mechanical  condition,  and  its 
design  and  installation  are  not  grossly  incorrect,  the  amount  of 
liquid  delivered  should  be  nearly,  if  not  quite,  independent  of  the 
speed  at  which  it  is  operated,  at  least  over  all  ranges  of  speed 
which  are  practicable  for  manual  operation.  Exception  should 
be  noted,  however,  to  this  statement,  in  those  cases  in  which  the 
storage  tank  is  so  far  below  the  cylinder  of  the  pump  that  exces- 
sive reduction  of  pressure  accompanied  by  volatilization  occurs 
in  the  liquid  column  when  the  piston  is  rapidly  operated.     This 
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I'll..  20.  —  I'lsliiig  icilh  a  j-yallon  standard,  slicker  plate,  and 
qradiiated  cylinder.  .4  conical  i-gallon  measure  is  seen  at 
hie  left 


Fig.  2 1 . — /)( testing  outfits  -which  have  a  low  hose  connection,  care 
must  he  taken  io  instire  drainage  io  aconsiant  level  if  complete 
drainage  of  the  hose  is  not  feasible.  In  this  illustration  the 
inspector  is  supporting  the  discharge  cock  at  the  level  of  the 
top  of  his  standard  measure.  A  stand  or  support  might  well 
be  supplied  for  use  in  such  cases.  Note  that  the  pump  in  the 
background  must  force  the  measured  liquid  through  a  long  pipe 
line  %inder  the  sidewalk 
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effect  is  heightened  by  the  presence  of  excessive  resistance  in  the 
suction  line,  such  as  will  be  consequent  upon  the  presence  of 
numerous  elbows  and  valves,  excessive  length  of  suction  piping,  or 
constrictions  in  the  pipe. 

The  inspector  should  assure  himself  by  trial  that  the  counter 
or  tallying  device,  whatever  its  type,  gives  correct  indications. 
He  should  see  that  it  does  not  skip  any  numbers  as  the  pump  is 
operated  and  that  it  does  not  fail  to  advance  one  number  for 
each  complete  cycle  of  operation.  If  the  counter  is  found  to  be 
xmreliable,  it  should  be  removed,  or  else  deranged  in  such  a  manner 
that  it  does  not  indicate  at  all,  pending  the  performance  of  proper 
repairs. 

The  inspector  may  require  that  the  counter  be  clearly  visible 
to  both  the  customer  and  the  operator,  and  that  its  indications 
be  legible  and  not  obliterated  by  dirt  or  wear.  There  is  an  in- 
creasing and  commendable  tendency  for  manufacturers  to  increase 
the  size  and  legibility  of  the  counters,  and  to  place  them  in  posi- 
tions where  their  indications  can  be  more  easily  observed. 

The  integrating  counters  with  which  many  pumps  are  fitted  are 
not  of  paramount  interest  or  importance  to  the  inspector  of 
weights  and  measures,  since  their  indications  figure  principally 
in  the  dealer's  computation  of  his  profits,  losses,  and  sales,  and 
do  not  directly  affect  the  purchases  of  the  liquid  commodity. 
However,  such  counters  sometimes  go  amiss,  and  lead  to  false 
conclusions  on  the  part  of  the  dealer.  Where  such  counters  are 
shown  on  actual  trial  by  counting  of  strokes  to  be  reading  incor- 
rectly, they  should  be  sent  to  the  makers  of  the  pump  or  their  agents 
for  repair. 

A  number  of  cases  have  been  noted  in  which  there  was  an  actual 
siphoning  of  gasoline  from  the  tank  or  from  the  filter  chamber. 
Such  siphoning  is  particularly  likely  to  occur  in  the  case  of  the 
wheeled  tank,  due  to  the  fact  that  the  end  of  the  hose  can  be 
brought  to  a  point  below  the  level  of  the  liquid  in  the  tank;  the 
difference  in  head  resulting  is  sometimes  sufficient  to  raise  the 
lift  valves  in  the  system  and  discharge  a  continuous  stream  with- 
out operation  of  the  pump.  In  the  case  of  stationary  pumps 
with  tanks  below  grade,  a  similar  action  can  occur  by  infiltration 
of  air  through  a  point  of  leak  at  any  place  above  the  height  of 
outlet.  Some  makers  have  eliminated  the  siphoning  by  intro- 
ducing into  the  discharge  piping  a  spring  check  valve,  which  will 
not  open  except  under  the  relatively  high  pressure  occurring  during 
the  actual  operation  of  the  piston.     Such  a  valve  is  desirable  from 
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the  point  of  view  of  safety  as  well  as  from  its  effect  in  reducing 
the  likelihood  of  excess  delivery  from  the  causes  just  outlined. 

This  siphoning  action  should  not  be  confused  with  the  gradual 
spillage  which  is  often  noted  as  a  result  of  the  expansion  of  the 
liquid  in  the  pump  chambers,  due  to  an  increase  in  temperature 
by  conduction  through  the  cylinder  walls,  this  action  sometimes 
occurring  when  gasoline  is  brought  from  a  tank  in  which  it  is  kept 
relatively  cool  to  a  warmer  region  outside. 

In  connection  with  this  topic  of  thermal  expansion  it  is  to  be 
noted  that  cases  of  short  delivery  are  sometimes  explicable  on 
the  basis  of  contraction  of  volume  of  the  liquid  contained  in  the 
pump  due  to  a  fall  in  temperature,  as  from  evening  to  the  next 

morning.  This  contraction  in  vol- 
ume will  amount  to  about  o.  i  per 
cent  for  i°  C.  It  is  unavoidable 
in  the  nature  of  tilings  and  sug- 
gests again  the  need  of  pumping 
through  a  quantity  of  gasoline 
before  the  pump  is  used  for  meas- 
urement after  a  period  of  disuse. 

SEALING 

After  the  pump  has  been  tested 
and  found  correct,  or  has  been 
adjusted  by  the  inspector  so  as 
to  dehver  correctly  the  indicated 
amount  of  liquid  on  repeated  trials, 
it  should  be  sealed .  On  account  of 
the  great  diversity  in  the  types  and 
details  of  construction  of  the  many  pumps  on  the  market,  it  will  be 
impossible  in  tlie  space  available  fully  to  cover  the  methods  of  seal- 
ing each  of  the  forms  of  measuring  pumps;  we  must  be  content  to 
lay  down  a  general  principle  and  illustrate  it  by  a  few  examples. 
Obviously,  a  seal  should  be  appUed  to  every  accessible  part  of 
the  pump  upon  which  an  adjustment  can  be  made  which  would 
directly  affect  the  amount  of  Hquid  delivered.  In  the  piston 
tjTJe  of  pump  this  will  always  require  the  individual  sealing  of 
the  several  piston  limit  stops;  if  the  stop  bar  is  threaded  to  permit 
the  rotation  of  the  stops  for  the  purpose  of  primary  adjustment, 
the  alteration  of  the  setting  of  the  stops  can  be  prevented  by  seal- 
ing in  place  the  rod  which  limits  the  rotation  of  the  stops  upon  the 
threaded  bar.     This  rod  can  be  clearly  seen  in  Fig.  25. 


Fig.  26. — The  stop  on  this  pump  is 
sealed  by  inserting  a  lead  seal  into  a 
hole  in  the  upper  end  of  the  pin  pass- 
ing through  washer  No.  II 
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Fig.  23. — For  scaling  stops  like  those 
shown  above,  seals  must  be  passed 
through  holes  in  the  screws  marked  H 
so  as  to  engage  with  the  slots  or  kerfs 
cut  into  the  cast  lugs  in  which  these 
screws  arc  supported 


Fig.  24. — In  this  type  the  piston  stops 
arc  split  vertically  and  may  be  made 
secure  against  alteration  by  passing  a 
seal  through  one  end  of  the  screws  which 
hold  together  the  two  halves  of  the  stop 
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Fig.  25. — In  this  type  the  alteration  of  the  stops  is  prevented  by 
a  vertical  rod  A  which  prevents  the  stops  from,  being  m^oved  up 
or  down  along  the  screw.  To  secure  them  against  alteration 
it  is  only  necessary  to  seal  iti  place  the  vertical  rod  A;  pro- 
vision for  such  sealing  being  usually  made  at  its  lower  end 
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In  one  make  of  pump  the  limit  stops,  instead  of  coacting  with 
the  piston  rod  itself,  are  carried  upon  a  gear  wheel  meshing  with 
a  rack  which  forms  an  extension  of  the  piston  rod,  as  shown  in 
Fig.  27.  These  stops  are  usually  set  screws  threaded  through 
cast  lugs  projecting  from  the  face  of  the  gear  wheel.  In  order 
to  seal  stops  of  this  type  it  will  be  necessary  either  to  drill  straight 
through  the  lugs  and  their  contained  screws,  and  pass  the  wire 
seal  through  this  hole,  or  to 
seal  in  place  the  cover  of  the 
case  in  which  the  gear  is 
contained,  in  such  manner  as 
to  prevent  effectually  all  ac- 
cess to  the  adjustable  parts. 

The  type  of  piston  stop  in 
which  the  security  and  per- 
manence of  the  fastening 
depends  upon  the  friction  of 
a  set  screw  upon  a  smooth 
rod  can  not  be  considered 
satisfactory.  Sealing  of  this 
type  of  stop  by  a  metal  cap 
designed  to  make  the  head 
of  the  set  screw  inaccessible 
does  not  provide  sufficient 
security,  and  the  only  safe 
recoinse  is  to  drill  com- 
pletely through  the  lug  and 
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Fig.  27. — The  adjustments  of  this  type  are 
usually  secured  by  sealing  shut  the  case  inclos- 
ing the  gear.  If  this  can  not  be  done,  or  if 
there  are  slots  in  the  gear  caie  through  which 
the  screws  may  be  reached  from  the  outside, 
holes  should  be  drilled  through  the  set  screws 
in  the  interior  of  the  case  and  the  usual  seal 
wires  passed  through  these  holes  to  prevent  the 
,  1    •    •        •  ,-    1   ,,  screws  from  being  moved 

stop  bar,  driving  in  a  tightly 

fitting  headed  pin,  passing  the  usual  wire  seal  through  a  hole  in 

the  unheaded  end  of  the  pin. 

Care  should  be  taken  in  all  cases  to  attach  seals  in  such  a  manner 
that  they  can  not  interfere  with  the  proper  operation  of  the 
pump.  The  wires  should  be  drawn  up  short  so  that  the  lead 
seal  Hes  snugly  against  the  part  secured. 

The  seals  used  for  measuring  pumps  should  be  of  a  strong, 
heavy  type ;  exposure  of  the  pump  to  out-of-doors  conditions  and 
to  hard  use  and  abuse  requires  the  use  of  seals  having  heavy 
tinned  braided  wires  and  a  lead  disk  large  enough  to  afford  secure 
clamping  of  the  ends  of  the  wire. 
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RECORDS 

While  the  writer  realizes  the  difficulties  which  frequently  con- 
front the  weights  and  measiires  inspector  in  testing  and  super- 
vising a  large  amount  of  apparatus  with  a  limited  force,  it  is  his 
opinion  that  the  best  results  are  to  be  obtained  only  by  keeping 
rather  full  and  detailed  records  of  inspections.  By  so  doing  the 
inspector  will  develop  a  quicker  and  keener  faculty  of  observation 
and  will  grow  to  be  more  thorough  in  the  work.  Moreover,  the 
offering  of  such  complete  and  explicit  data  in  hearings  and  in  coiut 
will  not  fail  to  be  impressive  and  convincing,  and  will  enable  the 
administrative  officer  to  deal  more  sm^ely  and  expeditiously  with 
\-iolations  which  may  occm-.  The  following  form  is  suggested  as 
one  which  has  been  used  in  extensive  field  work ;  it  will  be  found 
to  comprise  most  of  the  information  which  will  be  required  in 
the  routine  inspection  and  testing  of  measuring  pumps.  It  is 
of  com^se  subject  to  such  modification  as  may  be  needed  to  bring 
it  into  conformity  with  particular  needs. 


Test  of  Liqmd-Measuriiig  Pump 
City 


Test  No. 


Date. 


Owner Address 

Maker  of  apparatus Inspector 

Type  of  apparatus Maker's  No.  .. 

Nominal  delivery  per  stroke gal. 

Graduation  of  meter,  measuring  cylinder,  gauge  glass  or  counter gal.  x 

Selling  price  of  commodity  on  date:  c.  a  gal. 

i  length feet.    Hose  diameter,  internal. inches. 


.gal. 


Num- 
ber o! 
obser- 
vation 

Speeds 

Nominal 
discharge 

Error 

(+01-) 

Within 
tolerance 

Without 
tolerance 

Remarks 

I 



6 

8 

*  '■ 
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'"   - 

Is  hose  high  enough  to  insure  satisfactory  drainage? 

Does  counter  operate  correctly?  

Other  notes 


Test  full  stroke  as  found  and  after  use. 
Test  or  remove  fractional  stops. 


"  Slow,  normal,  or  fast;  or  give,  in  seconds,  time  required  for  stroke. 
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CONDITION  OF  PUMPS  IN  SERVICE 

Of  79  measuring  systems  of  various  types  chosen  at  random 
and  tested  by  the  writer  in  a  number  of  different  cities,  55,  or 
70  per  cent,  had  errors  in  excess  of  the  tolerance  allowable,  and 
24,  or  30  per  cent,  had  errors  within  the  tolerances.  In  addition, 
there  were  eight  outfits  so  constructed  as  to  be  absolutely  unsuited 
for  retail  liquid  dispensing.  Of  the  55  out  of  tolerance  80  per  cent 
gave  deliveries  in  deficiency  and  20  per  cent  in  excess.  This  ten- 
dency toward  deficient  measurement  is  worthy  of  careful  con- 
sideration, and  it  is  only  proper  to  call  attention  to  the  fact  that 
most  of  the  causes  of  error  in  measuring-pump  operation  tend 
toward  the  side  of  deficient  delivery.'  Among  these  may  be  men- 
tioned leaks,  retention  of  liquid  by  the  hose,  excessive  virtual  suc- 
tion head,  resulting  in  vaporization  and  other  losses,  failure  to  com- 
plete the  full  stroke,  and  slippage. 

CONCLUSION 

The  results  of  this  investigation  will  be  placed  at  the  disposal 
of  the  tolerance  committee  of  the  conference  and  will  form  the 
basis  for  such  specifications  as  may  be  required  in  the  normal 
progress  in  this  field.  Suitable  specifications  suggested  by  the 
results  of  this  work  will  probably  be  presented  at  the  next  aimual 
conference,  and  in  the  interim  the  Bureau  will  treat  particular 
inquiries  from  weights  and  measiu'es  officials  and  manufacturers 
in  the  light  of  the  best  information  now  in  hand. 

The  Bureau  will  endeavor  to  maintain  a  full  and  up-to-date 
mailing  list  of  the  makers  of  measuring  pumps,  and  will  strive  to 
keep  in  touch  with  current  progress  in  the  design  of  this  apparatus. 

Thanks  are  due  a  number  of  city  weights  and  measures  officials 
who  gave  valuable  aid  in  the  work  of  this  investigation,  and  to 
manufacturers  of  measuring  pumps  generally,  who  in  a  gratifying 
manner  furnished  drawings  and  other  data  and  afforded  the  writer 
an  opportunity  to  visit  their  factories  and  study  the  methods  of 
manufacture. 

Washington,  Jime  30,  191 6. 

1  Since  the  above  was  written,  a  great  amotint  of  additional  field  work  has  been  done  and  the  results 
show  conditions  generally  to  be  in  serious  need  of  correction  by  thorough  and  regular  supervision.  The 
results  of  these  later  investigations  are  available  in  the  form  of  a  mimeographed  circular,  which  will  be 
sent  to  those  who  request  it. 
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Fig.  I. — Season,  cracked  brass  rod 
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1.  INTRODUCTION 

"Can  a  brass  or  bronze  of  high  tensile  strength  be  reliably  pro- 
duced which  can  be  used  safely  for  important  permanent  structures 
in  such  parts  as  bolts  and  other  rolled,  drawn,  extruded,  or  forged 
shapes?"  Thus  has  a  well-known  engineer  recently  expressed 
what  may  be  regarded  as  the  fxmdamental  question  which  has 
arisen,  as  a  consequence  of  the  modern  tendency  among  engineers 
and  constructors  to  substitute  such  materials  for  steel,  because  of 
their  superior  resistance  to  corrosion,  and  of  the  recent  failure  of 
large  amounts  of  brass  used  for  structural  purposes.  It  is  evident 
that  the  greater  incorrodibility  of  these  copper  alloys  is  of  no  prac- 
tical value  if  the  alloys  are  not  at  the  same  time  mechanically 
stable  and  with  well-defined  behavior  toward  service  loads  and 
stresses,  such  that  from  physical  tests  their  reliability  in  sei-\uce 
may  be  definitely  predicted 
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The  recent  experience  of  a  number  of  users  of  brass  for  struc- 
tural purposes  has  indicated  that,  in  this  sense  at  least,  brass  is  not 
as  reliable  as  steel;  the  results  of  the  ordinary  physical  tests  of 
brass  are  not  always  sufficient  to  enable  the  engineer  to  form  a 
definite  opinion  concerning  the  serviceability  of  the  material. 
Properties  and  characteristics  other  than  those  determined  in  the 
tensile  and  hardness  tests  must  be  considered  in  using  brass  for 
structural  purposes;  the  relation  of  certain  of  these  to  the  occur- 
rence of  failures  of  these  materials  has  been  studied  in  the  course 
of  tests  and  investigation  of  the  last  two  years. 

1.  SOME  EXPERIENCES  WITH  BRASS  FAILURES 

This  work  was  taken  up  in  connection  with  tests,  made  for  the 
New  York  Board  of  Water  Supply,  of  failed  brass  bolts,  which  had 
been  in  service  in  the  construction  of  the  new  Catskill  Aqueduct, 
which  is  to  supply  water  to  the  city  from  tlie  watersheds  of  the 
Catskill  Mountains. 

In  view  of  the  fact  that  most  of  the  equipment  and  materials 
used  in  this  construction  would  be  subjected  to  the  corroding  action 
of  both  water  and  the  atmosphere,  a  substitute  was  sought  for 
steel,  which  would  ordinarily  be  used,  and  it  was  considered  possi- 
ble to  find  a  brass  which  would  have  mechanical  properties  com- 
parable with  those  of  steel  and  yet  be  practically  incorrodible.  As 
such  a  substitute  so-called  manganese  "bronze"  was  chosen  and 
also  other  similar  brasses,  which  all  have  approximately  the  same 
composition,  namely, 

Per  cent 

Copper 58.  o  to  62.  o 

Zinc 36.  o  to  40.  o 

Tin 5  to    1.5 

Iron o  to    I.  o 

Manganese ■. oto     .2 

These  materials,  as  wrought,  have  ultimate  tensile  strengths 
ranging  from  50  000  to  75  000  pounds  per  square  inch  and  seem 
admirably  adapted  for  this  purpose,  so  much  so  that  some  3  000  000 
poimds  of  these  materials,  in  the  form  of  castings,  wrought  rods, 
and  tubing,  have  been  installed  on  the  aqueduct.  Serious  diffi- 
culties have,  however,  been  encountered  in  their  use  and  many 
failures  have  occurred,  some  under  moderate  or  large  service 
loads  and  some,  on  the  other  hand,  merely  during  shipment  and 
storage.     "  Large'  numbers  of  brass  bolts  have  been  found  cracked 

*  A  fuller  account  of  the  experience  of  the  New  York  Board  of  Water  Supply  with  these  brasses  will  be 
found  in  a  paper  read  in  1914  by  A.  D.  Flinn  before  the  municipal  engineers  of  New  Yorlc  City,  entitled 
"  Brass  in  Engineering  Construction,"  and  from  which  Quotation  is  made  here  and  more  fully  on  page  5. 
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and  broken  in  their  packing  cases  after  storage  through  a  winter, 
but  having  never  been  stressed ;  others  never  exposed  to  low  tem- 
peratures and  never  stressed  have  been  found  in  similar  condi- 
tion. These  bolts  ranged  from  one-half  to  2j4  inches  in  diameter. 
Similarly,  flat  bars,  rolled  plates,  and  long  rods  supporting  only 
their  own  weight  have  been  found  cracked  or  severed  after  a  lapse 
of  a  few  or  many  months.  Flanged  one-fourth-inch  plates 
riveted  together,  after  careful  inspection  being  in  apparently 
good  condition,  were  found  some  months  later  to  have  incipient 
and  well-developed  cracks,  with  many  rivets  cracked  or  yielding 
to  relatively  light  blows  from  a  hand  hammer.  Many  upset  bolt- 
heads  have  come  off.  Hundreds  of  bolts  have  broken  under 
tension  after  short  or  long  intervals.  No  brand  or  make  of  brass 
or  bronze  has  wholly  escaped.  Manganese  bronze,  naval  brass 
(including  a  well-known  bronze  and  its  imitation),  and  Muntz 
metal,  from  all  the  manufacturers  who  have  furnished  any  con- 
siderable quantity,  all  have  failed.  Hitherto  castings  and  large 
forgings  have  been  exempt,  or  at  least  failures  in  them  have  not 
been  discovered  except  in  a  few  cast  bolts  and  nuts"  (and  it 
should  be  added  in  the  case  of  bumed-in  castings  at  or  near  the 
bimied-in  areas) . 

The  New  York  Board  of  Water  Supply  is  not  alone  in  its  expe- 
rience with  brass  failures,  although  the  amoimts  of  material 
involved  in  its  case  lend  it  prominence.  The  engineer's  depart- 
ment of  the  city  of  Minneapolis  have  lately — 191 4 — experienced 
similar  difficulties  with  naval  brass  strainer  plates  and  bolts 
installed  in  their  new  filter  plant,  and  some  interesting  instances 
of  failinres  of  this  type  occurring  in  manganese-bronze  bolts  used 
in  the  construction  work  of  the  Panama  Canal  have  come  to  our 
attention. 

Specimens  from  these  three  parties  form  a  large  part  of  the 
material  investigated,  and  for  this  reason  a  more  detailed  account 
of  the  difficulties  encountered  with  these  materials  by  the  New 
York  Board  of  Water  Supply,  the  engineer's  department  of  the 
city  of  Minneapolis,  and  the  engineers  of  the  Panama  Canal  is 
given  below  in  the  form  of  quotation  from  published  article  or 
correspondence . 

OUOTATION  FROM  MR.  FLINN'S  PAPER  (LOG.  CIT.>  CONCERNING  BRASS  FAILURES  ON 

CATSKILL  AQUEDUCT 

Claims  of  the  brass  or  bronze  makers,  backed  up  by  tests  and  experience,  led  the 
engineers  of  the  Catskill  Aqueduct,  after  careful  investigation,  to  adopt  some  of  these 
copper-zinc  alloys  for  extensive  use  where  their  noncorrodibility  and  other  good 
qualities  claimed  for  them  made  them  especially  suitable.     It  is  safe  to  say  that  on 
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no  other  single  engineermg  enterprise  have  such  large  quantities  been  used,  the  total 
being  nearly  3  000  000  pounds.  Of  castings,  ranging  from  a  fraction  of  a  pound  to 
22  000  pounds  each,  there  have  been  a  total  in  excess  of  2  000  000  pounds;  of  forgings, 
a  large  proportion  of  the  remainder,  varj'ing  from  small  bolts  to  sluice-gate  stems 
about  6  inches  in  diameter,  31  feet  long,  weighing  3  200  pounds  apiece.  Plates,  rods, 
and  shapes  make  up  the  balance.  Manganese  bronze  constitutes  a  verj-  large  propor- 
tion of  the  total;  "naval  brass,"  including  Tobin  bronze,  was  used  in  large  amounts; 
various  common  brasses  and  special  compositions  make  up  the  relatively  small  remain- 
ing quantity.     *     *    * 

It  is  not  with  these  large  brass  castings,  which  are  so  important,  nor  \vith  the  large 
forged  stems  of  sluice  gates  and  valves,  nor  with  the  smaller  castings,  excepting  a 
few  cast  bolts,  that  the  interesting  and  trjTtng  subsequent  experiences  have  been 
had.  Designing,  casting,  forging,  machining,  testing,  and  installing  these  large 
objects  have  involved  the  sol\"ing  of  many  interesting  problems,  but  the  unexpected 
metalliu-gical  developments  have  occurred  in  the  smaller  objects,  such  as  bolts,  lad- 
ders, and  pipes,  which  when  they  go  wrong  have  capacities  for  trouble  quite  dispro- 
portionate to  their  sizes. 

These  numerous  and  various  brass  articles  have  been  made  by  a  number  of  manu- 
facturers scattered  through  New  England,  New  York,  Pennsylvania,  and  New  Jersey. 
Their  methods  and  equipment  were  of  their  own  selection  with  verj'  few  exceptions, 
and  apparently  were  developed  by  experience.  Some  of  these  manufactiu-ers  of  brass 
or  bronze  have  had  experience  equaling  or  exceeding,  in  number  of  years,  the  period 
of  manufacture  of  modem  steels.  Consequently  the  troubles  which  have  occurred 
so  extensively  on  the  CatskiU  Aqueduct  have  been  all  the  more  astonishing,  and  lack 
of  information  concerning  such  troubles  the  more  incredible.  Not  alone  the  Board  of 
Water  Supply,  but  other  users  have  also  had  trouble  of  one  kind  or  another,  but  knowl- 
edge of  such  trouble  has  come  to  hand  only  within  relatively  recent  time.  Just  when, 
as  to  date  or  in  the  state  of  development  of  brass  manufacture,  these  troubles  began 
or  how  extensive  the)'  have  been  has  not  yet  been  learned.  Possibly  tliey  might 
still  be  considered  occasional  or  accidental,  but  for  the  large  and  concentrated  use 
of  these  alloys  on  the  CatskiU  Aqueduct  under  such  supervision  as  led  to  the  detec- 
tion of  the  difficulties  and  a  thorough  investigation  of  their  causes,  together  with  their 
bearing  upon  the  use  of  such  alloys  in  engineering  construction.     *    *    * 

No  suspicions  of  definite  troubles  were  developed  until  the  fall  of  1913,  when 
numerous  bolts  and  rods  were  found  cracked.  The  number  and  character  of  the 
failvues  detected  strongly  suggested  that  they  were  more  than  accidental  or  sporadic. 

Failm-es  were  the  more  disturbing  because  the  specifications  had  been  drawn  care- 
fully, in  the  light  of  information  then  in  hand,  and  practically  all  the  metal  accepted 
had  been  subjected  to  careful  inspection,  including  the  standard  physical  tests  and 
chemical  analyses.  Much  of  the  metal  accepted  had  sho^vn  physical  qualities  in 
generous  excess  of  the  specified  requirements.  It  is  quite  unthinkable  that  the 
manufacturers  were  not  honestly  endeavoring  to  fulfill  the  specifications  and  furnish 
satisfactory  materials,  although  they  may  have  been  misguided  as  to  means  and 
methods  in  some  instances  and  somewhat  influenced  by  commercial  considerations. 
What,  then,  was  the  root  of  the  matter?  It  is  the  answer  to  this  question  which  is 
still  sought.     *    *    * 

The  results  of  a  number  of  representative  inspection  tests  are  given,  as 
examples.    *    *    * 
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Typical  results  of  physical  tests  of  brasses  used  on  the  Cdtskill  Aqueduct 


Yield,  pounds  per  square  inch 


Ultimate 

strencth, 

pounds 

per  square 

inch 


Elongation, 
per  cent 


Reduction, 
per  cent 


Fracture 


Forgings: 

37500 
38250 
52500 
49300 
so  coo 
43  500 
36  000 


73  ISO 

75  750 

76  goo 

77  100 
76  ISO 
75  3SO 
70  000 
67  500 


41- S 
35- S 

35-5 
31- o 
33-5 
31- o 
34-0 
40.5 


46.8 
43-9 
46.8 


47.0 
43-5 


Irregular. 

Da 

Do. 
Irregular,  silky- 
Silky  cup. 
Irregular,  silky. 
Irregular. 

Do. 


But  little  trouble  has  been  experienced  with  the  pipes  furnished  by  reputable 
manufacturers  in  recent  years.  A  few  small  pieces  have  failed  on  the  Catskill  Aque- 
duct. There  is  but  small  excuse  for  supplying  other  than  dependable  brass  pipe 
nowadays,  as  correct  methods  of  manufactiu-e  are  well  known  in  the  trade. 

Defects  in  large  plates,  in  bolts,  rods,  side  bars,  and  rungs  of  ladders  and  in  similar 
objects  constituted  the  most  important  lots  of  failures  on  the  aqueduct.  Many  of 
these  articles  had  not  yet  been  installed,  but  had  been  in  storage  in  some  instances  for 
many  months.  These  defective  pieces  all  had  cracks,  usually  circumferential,  part 
way  or  all  the  way  around.  Some  cracks  were  very  fine  and  only  superficial;  others 
gaped  open  and  penetrated  the  metal  deeply.  In  some  cases  the  whole  or  nearly  the 
whole  cross  section  was  affected  in  bolts  from  one-half  to  2%  inches  in  diameter;  some 
were  found  severed  and  others  broke  with  a  light  blow  or  pull.  Specimens  which  on 
first  examinatian  seemed  free  from  this  cracking  developed  it  later;  two  or  three 
years  have  passed  in  some  cases  before  the  defects  developed  so  as  to  be  detected. 
Investigation  disclosed  the  fact  that  similar  defects  had  been  observed  by  others  in  a 
variety  of  metals,  but  chiefly  in  drawn  or  otherwise  cold-worked  brasses.  Although 
not  then  satisfactorily  explained,  this  trouble  was  known  among  brass  men  as  "season 
cracking."    *    *    * 

After  the  discovery  of  the  extensive  season  cracking  and  a  partial  investigation  of 
its  causes,  it  was  decided  to  use  plain  extruded  or  hot-rolled  rods  wherever  practicable 
and  to  anneal  all  material  which  had  to  be  drawn  or  rolled  cold.  It  was  hoped  that 
by  these  methods  of  manufacture  further  trouble  of  this  kind  would  be  avoided,  but 
unfortunately  this  has  not  proved  to  be  the  case.  Plain  extruded,  hot-forged,  and 
annealed  brass  rods,  supposedly  free  from  initial  stress,  have  also  failed  in  disttu-bingly 
large  quantities.     *    *    * 

Designers  have  been  misled  to  some  degree  by  the  representations  of  the  manufac- 
turers that  certain  bronzes  (brasses)  possessed  great  strength  and  other  excellent 
qualities,  and  in  some  cases  would  perform  practically  the  same  duty  as  steel  or  a  little 
more.  Seemiagly  both  maker  and  user  have  misinterpreted  the  results  of  the  usual 
standard  laboratory  tests  from  lack  of  knowledge  of  characteristics  of  the  copper  alloys 
not  revealed  by  such  tests.  Experience  on  the  Catskill  Aqueduct  indicates  that  the 
bronzes  (brasses)  as  supplied  under  contract,  with  careful  inspection  following  the 
established  methods,  would  not  perform  the  expected  duty.  Indeed,  as  these  inves- 
tigations have  proceeded  it  has  become  evident  that  the  engineer's  present  necessity 
is  not  merely  an  explanation  of  certain  failures  of  brass,  but  a  fundamental  knowledge 
of  the  physical  characters  and  capacities  of  this  group  of  alloys — knowledge  which  will 
be  a  safe  and  dependable  guide  in  their  manufacture,  inspection,  and  use. 
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To  summarize  the  Catskill  Aqueduct  experiences:  Large  numbers  of  brass  bolts 
have  been  found  cracked  and  broken  in  their  packing  cases  after  storage  through  a 
winter,  but  having  never  been  stressed;  others  never  exposed  to  low  temperatures 
and  never  stressed  have  been  found  in  similar  condition.  These  bolts  ranged  from 
one-half  inch  to  2^  inches  in  diameter.  Similarly  flat  bars,  rolled  plates,  and  long 
rods  supporting  only  their  own  weight  have  been  found  cracked  or  severed  after  a 
lapse  of  a  few  or  many  months.  Flanged  one-quarter-inch  plates  riveted  together, 
after  careful  inspection  being  in  apparently  good  condition,  were  found  some  months 
later  to  have  incipient  and  well-developed  cracks,  with  many  rivets  cracked  or  yield- 
ing to  relatively  light  blows  from  a  hand  hammer.  Many  upset  boltheads  have 
come  off.  Hundreds  of  bolts  have  broken  under  tension  after  short  or  long  intervals. 
The  failures  have  been  so  numerous  and  important  as  to  have  caused  the  gravest 
apprehension  and  led  to  the  substituting  of  steel  for  brass  in  many  cases  in  spite  of  the 
recognized  disadvantage  of  steel  as  to  corrosion  which  the  engineers  had  sought  ear- 
nestly to  avoid.  No  brand  or  make  of  brass  or  bronze  has  wholly  escaped.  Manganese 
bronze,  naval  brass  (including  a  well-known  bronze  and  its  imitation),  and  Muntz 
metal,  from  all  the  manufactiu'ers  who  have  furnished  any  considerable  quantity,  all 
have  failed.  Hitherto  castings  and  large  forgings  have  been  exempt,  or  at  least  fail- 
ures in  them  have  not  been  discovered,  except  in  a  few  cast  bolts  and  nuts. 

For  the  designing  and  constructing  civil  and  mechanical  engineers,  the  following 
questions  should  be  satisfactorily  answered  if  they  are  to  continue  the  use  of  these 
brasses  or  bronzes  for  important  purposes: 

Can  a  brass  or  bronze  of  high  tensile  strength  be  reliably  produced  which  can  be 
used  safely  for  important  permanent  structures  in  such  parts  as  bolts  and  other  rolled, 
drawn,  extruded,  or  forged  shapes? 

What  should  be  the  specifications  for  such  brasses  or  bronzes? 

What  inspection  methods  and  tests  should  be  used? 

By  what  tests  can  the  tendency  to  subsequent  failure  be  detected  at  any  time  after 
manufacture? 

What  working  stresses  may  be  used  safely  for  these  various  alloys? 

Will  these  brasses  or  bronzes  deteriorate  by  reason  of  constantly  applied  or  frequently 
repeated  stress,  i.  c,  will  they  fail  from  fatigue? 

QUOTATION  FROM  LETTER  REPORT  BY  THE  CITY  ENGINEER  OF  THE  CITY  OF  MINNE- 
APOLIS CONCERNING  DIFFICULTIES  WITH  BRASS  STRAINER  PLATES  AND  BOLTS 

Early  in  the  spring  of  1912  the  city  of  Minneapolis  advertised  for  bids  on  the  entire 
sti-ainer  system  for  their  new  filter  plant  then  under  construction.  Among  the  various 
items  comprising  the  strainer  system  were  1224  middle  strainer  plates,  2448  side 
strainer  plates,  3672  one-fourth-inch  brass  bolts,  12  240  one-fourth-inch  brass  U-bolts 
and  12  240  one-half-inch  anchor  rods,  all  as  per  drawings  herein  shown  and  according 
to  the  specifications  noted  below.     [See  Appendix.]    *     *     * 

During  the  fall  and  winter  of  1912  the  entire  lot  of  plates  and  bolts  were  placed  in 
their  respective  places  in  the  various  filter  boxes  and  early  in  January,  1913,  6  of  the 
12  filter  units  were  placed  in  operation. 

No  trouble  whatsoever  was  experienced  for  the  first  30  or  40  days  of  operation .  After 
the  above  period,  however,  the  center  plates  began  to  break  longitudinally  through 
the  center,  and  soon  after  a  number  of  the  side  plates  cracked  crosswise  at  the  end 
nearest  the  center  of  the  filter  box.  At  first  no  great  attention  was  paid  to  the  break- 
age, but  before  the  summer  was  very  far  advanced  the  breaking  of  plates  was  an 
everyday  occurrence  and  became  so  very  bad  that  it  was  Kecessary  to  remove  the 
entire  lot  from  each  filter  box  (one  at  a  rime)  and  replace  the  broken  plates  with  new 
hard  brass  plates  and  reinforce  all  the  remaining  center  Tobin  bronze  plates  with  a 
strip  of  one-eighth-inch  sheet  brass  riveted  longitudinally  along  the  center  of  the 
plate.  This  reinforcement  improved  matters  somewhat  but  did  not  obviate  the 
breakage  entirely. 
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Tensile  and  bending  tests  were  made  on  pieces  of  metal  cut  from  the  broken  plates, 
with  results  that  were  very  satisfactory.     *    *     * 

A  peculiar  thing  about  the  whole  affair  was  that  very  few  of  the  side  plates  broke, 
and  when  they  did  break  the  fracture  was  at  right  angles  to  that  of  the  center  plates. 
After  a  careful  study  of  the  matter,  it  was  decided  that  the  design,  as  used,  had  many 
faults,  and  that  by  redesigning  the  plates  and  their  connections,  making  the  plates 
heavier,  decreasing  the  friction  through  the  openings  and  reinforcing  by  ribs  against 
the  greatest  pressure,  all  breakage  would  be  overcome.     *    *    * 

A  design  for  improving  the  filter  strainer  system  as  per  accompanying  plans  was 
immediately  prepared  with  the  specifications  noted  below  [see  Appendix]  to  govern, 
all  unit  stresses  being  the  minimum  stress  as  set  forth  in  the  pamphlet  hereinbefore 
mentioned.     *     *    * 

Immediately  upon  the  arrival  of  the  material  for  the  new  strainer  system  one  filter 
box  was  equipped  completely  and  the  wash  water  turned  on  for  a  test  before  any  gravel 
or  sand  was  placed  in  the  filter  box.  Unusual  agitation  of  the  water  was  noticed  at  a 
number  of  places,  which  upon  investigation  proved  to  be  caused  by  the  breaking  of  a 
number  of  the  anchor  bolts,  as  shown  by  samples  in  the  city  engineer's  office.  These 
broken  bolts  were  removed  and  replaced  by  new  ones,  again  tested,  found  all  right, 
and  the  gravel  and  sand  added  immediately.  After  operating  the  filter  for  about  a 
week,  the  filter  again  showed  breaks.  The  sand  and  gravel  were  removed  and  the 
entire  lot  of  center  plates  with  their  anchor  bolts  taken  out.  There  was  scarcely  a 
plate  that  did  not  have  one  or  more  broken  or  cracked  anchor  bolts,  and  in  some  cases 
the  plates  themselves  were  cracked.  Believing  that  the  above  breakage  of  bolts  was 
due  to  flaws  in  the  material  and  that  the  plates  broke  on  account  of  too  great  a  pressure 
concentrated  at  one  point  due  to  the  breaking  of  the  bolts,  it  was  decided  to  replace  the 
bolts  by  new  ones,  but  before  doing  so,  to  test  all  bolts  in  tension  to  a  dead  load  of 
800  pounds  each,  also  to  test  a  number  of  bolts  to  failure  for  both  tension  and  cross 
bending.  Accordingly  a  number  of  bolts  were  tested  on  a  testing  machine  until  the 
hook  at  the  end  straightened  out,  which  took  place  at  a  load  varying  from  1420  pounds 
to  1350  pounds  each.  In  the  bending  tests  all  bolts  were  bent  through  an  angle  of 
180°  flat  on  themselves  without  showing  fracture  on  the  bent  portion.  When  tested 
to  failure  in  direct  tension,  the  bolts  gave  a  unit  tensile  stress  varying  from  71  000 
pounds  to  100  000  pounds  per  square  inch.  Therefore,  it  was  concluded  that  the 
material  was  probably  all  right  and  safe  to  use  after  being  tested  to  the  800-pound  load. 
Before  placing  any  tested  bolts  in  the  filters,  each  bolt  was  examined  carefully,  some 
by  means  of  a  low-power  microscope.  No  flaws  being  evident,  the  bolts  and  plates 
were  again  put  in  place.  Before  testing  the  strainer  system,  tlie  bolts  were  gone  over 
carefully  and  about  10  per  cent  found  to  be  loose,  caused  by  the  cracking  or  complete 
failure  of  the  bolt  as  before  noted.  All  bolts  and  plates  were  again  removed  and  a  new 
lot  of  bolts  heated  in  a  furnace  to  a  cherry  red,  then  quenched  in  lukewarm  water, 
tested  to  600  pounds  (all  that  they  would  stand  without  straightening  out),  and  put 
in  place.  This  improved  matters  a  great  deal,  no  failure  was  noticed  in  the  filter  so 
equipped  until  about  four  weeks  after  it  was  placed  in  operation,  when  a  number  of 
the  strainer  plates  were  blown  completely  from  their  seats  and  up  through  the  gravel, 
which  proved  upon  investigation  due  to  the  breakage  of  the  anchor  bolts  as  befofre 
noted.  At  this  time  some  of  the  strainer  plates  again  began  to  fail,  and  one  plate  was 
found  cracked  longitudinally  through  the  center  before  it  had  even  been  placed  in 
the  filter. 

The  plates  instead  of  cracking  as  in  the  original  installation  (longitudinally  through 
the  center)  seemed  to  c.ack  in  every  manner  possible  and  followed  no  definite  lines, 
appearing  very  similar  to  the  checks  in  sun-dried  lumber.  Samples  of  the  broken 
bolts  and  plates  were  sent  to  the  testing  laboratory,  the  contractor,  and  the  manu- 
facturer, but  no  one  seems  to  be  able  to  explain  the  cause. 
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A  test,  by  means  of  a  presstire  gage,  was  made  of  the  maximum  water  pressure  under- 
neath the  plates  and  foimd  to  be  jyi  pounds  per  square  inch,  amounting  to  a  pull  of 
only  270  pounds  on  each  hook  bolt,  which  was  far  below  the  original  stress  of  from  600 
to  800  pounds  to  which  the  bolts  were  tested  before  installation. 

QUOTATION   FROM  LETTER   REPORT    BY  THE  CHIEF   QUARTERMASTER,  PANAMA 
CANAL,  CONCERNING  THE  FAILURE  OF  MANGANESE-BRONZE  BOLTS 

About  the  middle  of  October  last  year  tlie  operator  of  the  Gatun  Hydroelectric 
Station  advised  that  one  of  the  counterweights  of  spillway  machine  No.  13  had  dropped 
into  the  pit  without  warning  and  at  a  time  when  the  machine  had  not  been  operated 
forsome  time,  the  gate  being  in  theclosedpositionatthetimeof  the  accident.  *  *  * 
Under  date  of  December  17,  1915,  the  electrical  engineer  was  requested  to  make  a 
report  of  his  investigations  in  connection  with  the  breakdown,  and  a  copy  of  his  reply 
dated  December  21,  1915,  is  attached  [immediately  following]. 

I  have  to  report  that  all  four  bolts  on  the  west  counterweight  of  Gate  13  at  Gatun 
Spillway  broke  under  the  head  while  the  counterweight  was  at  rest  with  the  gate 
closed.  The  fracture  indicates  that  the  metal  (manganese  bronze)  was  burned 
when  the  heads  were  upset,  as  all  fo:u-  bolts  failed  within  an  inch  of  the  head. 

Test  pieces  were  cut  as  near  the  fractiu-e  as  possible  and  tested  in  the  Riehle 
testing  machine  at  Balboa  shops,  with  the  following  results: 


Sample 

Diameter 

Area 

in 
square 
inches 

Elastic     Ultimate 
limit          stress 
per              per 
square       square 
inch  in   j   inch  in 
pounds  1   pounds 

Elonga- 
tion, per 
cent  in 
2  inches 

Reduc- 
tion of 
area, 
per  cent 

No.  I 

Minch.. 
Hinch.. 
Jiinch.. 
Hinch.. 

0. 196 
.  196 
.  196 
.196 

73  750 
74800 
72450 
74650 

26.  0 
28.0 
31-5 
28.0 

39-8 
42.9 
43-4 
42.4 

No   2                       

49650 

No.  3     

No.  4 

47  750 

The  physical  test  requirements  of  the  specifications  in  Circular  No.  661,  under 
which  these  bolts  were  piarchased,  are  as  follows: 

Ultimate  stress  per  square  inch  in  pounds 70  000 

.    Elastic  limit  per  square  inch  in  pounds 40  000 

Elongation,  per  cent 25 

Reduction  of  area,  per  cent 25 

An  examination  of  these  bolts  shows  plainly,  aside  from  the  fracture,  that  the 
metal  had  been  burned,  as  stated,  and  in  order  to  ascertain  whether  or  not  similar 
results  were  to  be  expected  in  otlier  bolts  in  the  remaining  counten\'eights  we 
removed  two  bolts  from  the  adjacent  counterweight  on  this  gate.  These  bolts 
indicated  no  overheating  or  biuning,  and  tests  were  made  to  determine  the  physi- 
cal strength  of  the  bolts  under  the  head.  They  were  tested  in  the  same  machine 
as  the  samples  above  referred  to  and  were  subjected  to  a  tension  of  100  000  pottnds, 
with  no  signs  of  failure.  The  bolts  were  then  turned  down  to  a  diameter  of  1.125 
inches  and  test  again  made,  with  the  following  results: 


Sample 

Ultimate 
stress 

per 
square 
inch  in 
pounds 

Area 

in 
square 
inches 

Remarks 

No.  1 

61  400 
63900 

0.994 
•994 

Head  of  bolt  pulled  off. 

No.  a    .                                            

Do. 
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This  result  indicates  a  rather  low  ultimate  stress  for  first-class  manganese 
bronze,  which  should  be  around  95  000  to  100  000  pounds  per  square  inch,  but 
the  fracture  indicates  good  metal. 

Each  spillway  counterweight  consists  of    56  ciist-iron  blocks  weighing  750 

pounds  each  and  a  base  plate  weighing  3700  pounds,  making  the  total  weight 

45  700  pounds.     This  weight  is  supported  from  the  counterweight  yoke  with 

four  manganese  bronze  bolts,  each  iK  inches  in  diameter.     Assuming  that  the 

load  is  equally  distributed  between  the  four  bolts,  there  is  then  a  load  of  11  425 

pounds.     The  bolts  being  ij^  inches  in  diameter  have  an  area  of  2.405  square 

inches,  which  gives  a  load  of  4750  pounds  per  square  inch,  and  from  the  results 

of  the  second  test  gives  a  factor  of  safety  of  approximately  15. 

About  the  middle  of  November,  1915,  and  shortly  after  the  accident  to  the  Gatnn 

Spillway  counterweight  bolts,  the  superintendent  of  the  Gatun  Locks  advised  that 

one  of  the  counterweights  of  the  guard-valve  machines  at  that  point  had  dropped 

into  its  pit  without  any  resulting  damage  to  any  of  the  equipment,  however.     *    *     * 

The  superintendent  of  the  Pacific  Locks  has  reported,  under  date  of  December  30, 

1915,  as  follows: 

I  have  to  advise  that  this  morning  a  second  broken  bolt  was  found  in  the  spill- 
way counterweights.  The  pieces  have  not  yet  been  recovered  for  examination, 
but  the  location  of  the  break  is  similar  to  that  found  yesterday. 

The  heads  of  these  bolts  were  inspected  as  far  as  possible  visually  about  two 
months  ago.  I  also  had  visual  inspection  of  the  rest  of  the  bolts  made  this  morn- 
ing, and  as  far  as  could  be  seen  the  rest  of  the  bolts  were  still  intact.     *    *     * 

The  head  from  the  bolt  found  broken  yesterday  is  being  fonvarded  to  you 
under  separate  cover.  You  will  note  that  the  fracture  is  quite  crystalline,  and 
that  there  was  practically  no  reduction  in  area.  There  appears  to  have  been 
practically  no  elongation.  The  dark  stain  in  the  fracture  I  believe  comes  from 
the  iron,  and  it  would  indicate  that  the  metal  apparently  cracked  progressively 
until  the  area  became  so  reduced  that  finally  rupture  occurred.     *    *    * 

One  or  two  small  surface  cracks  are  visible  with  the  aid  of  a  small  magnifying 
glass  in  the  body  of  this  bolt.     *    *    * 
The  superintendent  of  the  Atlantic  Locks  reported  as  follows: 

1.  With  reference  to  your  letter  of  December  17,  1915,  I  have  to  report  that  on 
October  21  the  U  bolt  supporting  the  counterweight  on  guard  valve  No.  226 
failed,  dropping  the  counterweight  into  its  well. 

2.  The  U  bolt  which  is  forwarded  separately  for  test,  if  desired,  was  broken  in 
two  places,  namely,  at  top  of  one  of  tlie  nuts  and  at  the  shoulder  of  the  U  oppo- 
site to  first  break. 

3.  As  the  roller  trains  were  connected  through  separate  chains  to  the  main 
coimterweight,  the  J^-inch  connecting  shackles  failed  when  the  counterweight 
dropped .     No  other  parts  were  damaged . 

4.  The  guard  valves  were  not  in  operation  when  failure  occurred,  the  last 
operation  being  two  days  previous  to  the  accident,  when  they  were  given  rather 
heavy  service  in  an  attempt  to  cut  down  the  leakage  through  them. 

5.  The  total  weight  of  the  counterweight  is  28  580  pounds,  which  under  nornftal 
condition  would  make  the  load  on  each  leg  of  the  U  bolt  14  290  pounds.  Indi- 
cations are  that  the  weight  was  not  equally  divided ,  as  the  legs  now  differ  in  length 
by  approximately  i  inch,  and  it  is  not  believed  the  distortion  produced  by  the 
accident  could  have  amounted  to  so  much.  Assuming  all  the  weight  to  have 
been  on  one  leg  the  total  stress  would  have  been  28  880,  or  17  610  pounds  per 
square  inch  for  the  area  at  the  shoulder  break  of  1.623  square  inches.  The  I.  C.  C. 
specifications  given  in  Cir.  636  for  rolled  bronze  require  an  ultimate  strength  of 
65  000  pounds  per  square  inch  and  elastic  limit  of  one-half  this. 
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6.  The  fracture  at  the  nut  shows  a  crystalline  structure  with  an  indicated 
fibrous  structure  at  right  angles  to  the  length  of  the  bolt. 

7.  The  fracture  at  the  shoulder  shows  about  one- third  fibrous  and  two-thirds 
crystalline  structure.  A  vertical  crack  i  inch  long,  showing  on  one  side  of  the 
bolt,  marks  the  plane  between  the  two  areas. 

8.  The  remaining  U  bolts  have  been  examined  and  indications  are  that  they 
are  o.  k.     I  recommend  no  further  action  be  taken. 

Although,  as  will  be  brought  out  later,  some  dififerentiation 
in  characteristics  can  be  made  between  these  various  instances  of 
brass  failtires,  they  bear  a  striking  similarity  to  that  t3^pe  of  failure 
known  as  "season  cracking,"  connoting  the  formation  of  cracks 
or  fissiu-es  in  wrought-brass  articles  some  time  after  their  manu- 
facture, although  the  articles  had  been  soimd  originally  and  had 
even  passed  rigid  inspection  and  test.  Examination  of  such 
material,  in  the  usual  way,  will  show  it  to  possess  desirable  physi- 
cal properties,  as  indicated  by  the  tensile  test,  satisfactory  chemical 
analysis,  and  soimd  structure,  as  showrf  by  etching  tests  and  the 
microscope.  Apparently  no  usual  cause  can  be  assigned  for  the 
defective  nature  of  this  material;  these  failures  will  often  occur 
before  the  application  of  any  appreciable  external  stress  or  load. 
This  type  of  faihire  is  perhaps  most  common  in  tubes,  but  is  found 
also  in  all  types  of  wrought  brass,  be  they  rolled,  drawn,  stamped, 
or  spun;  its  seriousness  arises  from  the  fact  that  ordinary  tests 
will  not  indicate  the  possibility  01  its  occurrence. 

The  manufacturer  knows  this  phenomenon  most  familiarly  as 
"fire  cracking,"  or  the  cracking  of. the  drawn  or  cold-worked 
material  upon  putting  it  in  the  annealing  furnace;  samples  of 
such  "fire-cracked"  material  are  generally  not  difficult  to  find  in 
a  brass  mill. 

2.  LITERATURE  ON  "SEASON  CRACKING" 

The  first  reference  to  failures  of  the  type  of  season  cracking  is 
given  by  Diegel,'  who  describes  instances  of  such  failures  in  brasses 
and  bronzes,  and  ascribes  it  to  the  presence  of  initial  stresses 
caused  by  cold  working  and  to  the  gradual  "after  flow"  of  metal, 
which  he  claims  continues  even  after  the  cold  working  of  the 
metal  has  ceased.  He  also  finds  that  the  tensile  strength  and  the 
elastic  limit  of  cold-worked  aluminium  bronze  which  had  season 
cracked  were  greater  at  the  edge  than  at  the  center. 

In  the  same  year  appeared  an  anonymous  article  ^  in  which  the 
author  finds  that  "season  cracks  in  tubing  are  the  results  of  taking 

'  Diegel,  Nachtragliches  Reissen  kaltverdichteter  Kupferlegierungen,  Verb.  d.  Ver.  z.  Bef.  d.  Gewerb.» 
85,  p.  177;  1906. 
*  Aiioa.,  Season  Cracking  in  Brass,  Brass  World,  2,  p.  41;  1906. 
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too  heavy  'pinches'  in  drawing.  The  specimens  experimented 
upon  were  some  hot  and  cold  rolled  10  per  cent  aluminium  bronze. 
The  results  vv^ere  as  follows: 

1 .  The  hot-rolled  bars  did  not  suffer  from  season  cracks. 

2.  Although  the  elastic  limit  in  the  cold-drawn  bars  was  greater 
than  in  those  which  had  been  hot  rolled,  they  showed  .season  cracks 
after  some  time. 

3.  The  reason  for  the  formation  of  season  cracks  is  the  lack  of 
uniform  density  throughout  the  metal,  as  the  tests  indicated  that 
the  elastic  limit  decreased  rapidly  toward  the  center. 

4.  The  density  varied  in  the  inverse  proportion  to  the  cross 
section.  The  larger  diameters  were  more  apt  to  crack.  The 
average  density  of  the  whole  cross  section  and  the  elasticity  of 
the  metal  appeared  to  have  less  influence  on  the  formation  of 
cracks  than  the  extreme  variation  of  the  density  from  periphery 
to  center. 

5.  The  formation  of  longitudinal  or  cross  cracking  depended 
on  the  methods  used  for  drawing  the  bars." 

Several  articles  appeared  at  this  time  describing  instances  of 
season  cracking  and  ascribing  it  variously  to  the  action  of  ammonia 
vapor;''  to  faulty  die  and  punch  construction.^ 

An  interesting  case  of  the  failure  by  season  cracking  of  brass 
stirring  spindles  is  described  by  Desch  in  the  discussion  of  a  paper 
on  this  subject  by  Milton.'  These  spindles  were  used  to  stir  a 
liquid  at  a  temperature  near  its  boiling  point;  those  which  had 
not  been  in  service  fell  to  pieces  in  a  short  time,  whereas  those 
of  the  same  lot  which  had  been  so  used  remained  soimd,  the  initial 
stresses  having  been  sufficiently  relieved  at  the  temperature  of 
the  boiling  liquid. 

Sperry  '  maintains  that  season  cracking  can  be  caused  b}'  the 
presence  of  initial  stresses  or  by  the  action  of  mercury  or  aqueous 
solutions  of  its  salts,  and  describes  failures  of  this  sort  which  have 
occurred  in  brass  prepared  by  a  mercury  salt  "dip"  for  gold  or 
silver  plating. 

The  first  one  to  actually  measure  the  initial  stresses,  about  which 
so  much  had  been  said,  was  Heyn,'  who  developed  methods  for 
measuring  theses  stresses  (to  be  described  below)  and  gave  dia- 
grams constructed  from  such  measurements,  showing  the  distri- 

*  Season  Cracking  in  Brass  Sheet,  Brass  World.  6,  p.  269:  1910. 

<*  Anon.,  Effect  of  Dies  on  Season  Cracking  of  Drawn  Brass,  Mechanical  Engineer,  27,  p.  159;  1911. 

'  Milton.  Some  Points  of  Interest  Concerning  Copper  Alloys.  Journ.  Inst.  Metals,  1,  p.  57;  1909. 

'  E.  S.  Sperry,  The  Season  Cracking  of  Brass  and  Other  Nonterrous  Metals  and  Alloys  as  Caused  by 
Mercury,  Brass  World,  8,  p.  34s;  1912. 

^  A.  Martens  and  E.  Heyn,  Materialienkunde  fiir  den  Maschinenbau,  IIA;  1912.  E.  Heyn,  Internal 
Stresses  in  Cold  Wrought  Metals,  and  some  Troubles  Cau.sed  Therebi ,  Journ.  Inst.  Met.  12,  p.  3;  1914. 
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bution  of  the  longitudinal  or  axial  stresses  in  steel  and  brass  rods 
which  had  failed.  He  discussed  also  the  conditions  of  manufac- 
tiu-e  under  which  stresses  are  produced  in  worked  metals. 

Spontaneous  or  season  cracking  occurs  in  such  internally  stressed 
objects,  according  to  Heyn,  as  a  result  of  temperature  variations 
of  after  flow  of  the  metal  and  particularly  as  a  result  of  slight 
etching  of  the  surface,  which  diminishes  the  section  of  the  stressed 
metal,  thereby  increasing  the  stress  and  causing  cracks  to  appear. 
He  gives  the  results  of  some  experiments  to  show  that  these 
stresses  are  removed  from  brass  rods  by  annealing  at  tempera- 
tures (i6o°  to  300°  C),  at  which  no  appreciable  softening  of  the 
material  occurs.  He  also  discusses  the  effect  of  longitudinal  inter- 
nal stresses  on  the  yield  point  of  a  metal,  and  shows  that  the 
apparent  elastic  limit  of  metals  may  be  depressed  instead  of  raised 
by  cold  work. 

Some  later  measurements  of  the  initial  stresses  in  brass  bars 
were  made  by  Howard.' 

Further  articles  '">  "•  '^'  "  appearing  about  this  time  discuss  the 
relation  of  initial  stress  to  failure,  and  describe  experiences  -with 
such  failures.  Von  Aken  finds  in  the  variation  in  the  micro- 
structure  from  center  to  edge  of  brass  rods  a  sufficient  cause  for 
season  cracking  in  these  materials  and  recommends  annealing  at 
1300°  F  (700°  C)  as  a  remedy. 

Guillet  "  in  a  general  paper  calls  attention  to  the  possibility, 
among  others,  of  season  cracking  of  high  zinc  brasses  being  due  to 
the  decomposition  of  the  beta  phase  into  the  brittle  gamma 
eutectoid. 

Finally,  Jonson  '°  describes  the  results  of  some  very  interesting 
experiments,  showing  the  effect  of  combined  corrosion  and  tensile 
stress  on  the  ductility  and  strength  of  brass  and  bronze  alloys. 
He  studied  the  effect  of  subjecting  brass  to  combined  stress  and 
corrosion  with  ammonium  hydroxide,  and  draws  the  following 
conclusions : 

*  *  *  Excessive  stress  alone  does  not  injure  copper  alloys,  nor  does  corrosion 
alone  or  corrosion  accompanied  by  moderate  stress.  Corrosion,  accompanied  by  pro- 
longed stress,  exceeding  20  000  pounds  per  square  inch,  is  liable  to  cause  cracking  in 

•  J.  E.  Howard,  Internal  Strains  in  Rolled  Brass  and  Bronze  Bars.  Trans.  Amer.  Inst.  Metals.  7,  p.  loi: 
1913. 

'"  Anon.,  Observations  and  Notes  on  the  Season  Cracking  of  Brass,  Brass  World,  9,  p.  153;  1913. 

"  A.  E.  White,  An  Investigation  of  Condenser  Tubes;  1914. 
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any  of  the  above-mentioned  alloys.  We  must  therefore  regard  20  000  pounds  per 
square  inch  as  tlie  practical  ultimate  strength  of  copper  alloys,  and  the  working  stress 
must  be  taken  as  a  safe  fraction  of  this  ultimate  stress. 

The  following  facts  seem  thus  to  be  established  to  date: 
(i)  Season  cracking  and  similar  failures  occur  particularly  in 
brasses  of  copper  content  of  from  60  to  80  per  cent,  as  well  as  in 
other  metals  and  alloys,  such  as  nickel  steel  and  aluminum. 
W.  H.  Bassett,  in  commenting  on  this  point,  states  that  "season 
cracks  have  never,  in  the  writer's  25  years'  experience  with 
copper-zinc  alloys,  occurred  in  such  alloys  containing  more  than 
80  per  cent  of  copper.  They  are  more  apt  to  occur  in  alloys 
containing  lower  percentages  of  copper,  because  the  hardening, 
due  to  the  mechanical  working,  is  more  rapid,  and  the  alloys,  on 
account  of  the  influence  of  zinc  and  other  constituents,  have  an 
initial  hardness,  due  to  composition." 

(2)  These  failures  occiu"  generally  only  in  forged  or  worked 
metal,'"  and  the  cracks  are  found  some  time  after  the  articles  have 
passed  inspection,  both  in  service,  under  load,  and  even  before 
being  put  into  actual  service. 

(3)  The  material  after  the  appearance  of  the  season  cracks  or 
fractm-es  still  possesses  good  mechanical  properties  as  indicated 
by  the  tensile  and  bending  tests,  including  high  elongation  and 
reduction  of  area.  This  is  significant  in  view  of  the  fact  that  the 
fissures  and  fractm-es  all  occur  without  appreciable  elongation. 

Certain  factors  seem  to  favor  the  development  of  such  cracks. 
These  are: 

(i)  Temperature  variations;  it  seems  to  be  pretty  well  estab- 
Ushed  that  exposure,  particularly  to  low  temperatures,  may  start 
season  cracks. 

(2)  The  action  of  air,  water,  and  other  corrosive  agents  on  the 
smface  of  the  material. 

The  general  opinion  regarding  the  cause  for  brass  failures  of 
this  sort  as  definitely  enimciated  by  Heyn,  although  not  always 
so  clearly  stated  by  others,"  is  that  the  primary  cause  is  the 
presence  of  initial  internal  stresses.  The  presence  of  such  initial 
stresses  has  been  demonstrated  by  Heyn  and  by  Howard,  and  values 
of  these  stresses  determined  in  materials  which  have  failed,  thus 
giving  confirmation  to  this  explanation. 

Guillet  expresses  the  opinion  that  the  formation  of  the  brittle 
gamma  constituent  may  be  in  certain  cases  responsible  for  such 

''  Such  failures  have,  however,  been  noted  in  "bumed-in*'  and  other  castings. 

^''  The  statements  that  "imperfect  die  work,"  "too  little  annealing,"  are  responsible  for  this  type  of 
failure  amount  in  the  last  analysis  to  ascribing  it  to  the  presence  of  internal  stresses. 
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failures;  he  has  in  mind  either  the  presence  of  tliis  constituent 
as  an  actual  segregate  or  in  apparent  beta,  the  eutectoid  of  Car- 
penter. The  appearance  of  such  a  constituent  would  embrittle 
the  material  and  cause  it  to  become  less  resistant  to  stress. 

From  the  foregoing  it  seemed  evident  that  in  addition  to  the 
ordinary  tests  of  the  failed  materials  in  question  investigation 
should  be  made  of  the  presence  in  them  of  initial  stresses  and,  in 
general,  of  the  relation  of  magnitude  and  distribution  of  internal 
initial  stresses  to  the  occurrence  of  season  cracking  and  similar 
failures  in  brasses. 

The  following  questions  may  be  raised: 

(i)  What  are  the  characteristics  and  what  the  causes  of  the 
failures  which  have  occurred  ? 

(2)  What  is  the  relation  of  the  initial  stresses  to  the  occurrence 
of  failure  ? 

(3)  Can  a  safe  limit  for  these  stresses  be  set  for  different  types 
of  brass,  under  ordinary  ser\dce  conditions,  in  which  the  material 
is  subjected  to  both  corrosion  and  external  stress  ? 

(4)  What  are  the  stresses  to  be  found  in  new  material  manu- 
factured to  meet  high  specifications  ? 

(5)  Can,  for  a  given  chemical  composition  of  such  material, 
those  limits  of  mechanical  properties  be  ascertained  above  which 
one  may  not  go  in  manufacturing  brass  without  leaving  the  metal 
dangerously  internally  stressed?  It  is  well  imderstood  that,  in 
general,  a  high  tensile  strength  and  elastic  limit  are  imparted  to 
brasses  by  cold  work,  which  at  the  same  time  leaves  stresses  in 
the  material,  so  that  high  ultimate  strengths  and  elastic  limits 
may  be  obtained  at  the  sacrifice  of  soundness. 

(6)  What  is  the  quickest  and  most  convenient  method  for 
ascertaining  whether  a  material  is  internally  stressed  and  of 
determining  the  approximate  value  of  these  stresses  ? 

In  addition,  therefore,  to  the  failed  and  other  brass  materials 
secured  through  the  New  York  Board  of  Water  Supply,  the  engi- 
neer's department  of  the  city  of  Minneapolis,  the  Navy  Depart- 
ment, and  the  Panama  Canal,  various  samples  of  wrought  brass 
were  obtained  directly  from  manufacturers,  investigation  of  which 
might  furnish  partial  answer  to  questions  4  and  5.  These  materials 
are  described  in  detail  immediately  below. 
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Fig.  2. — Season  cracked  brass 
Specimen  No.  125 
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Fig.  3. — Season  cracked  ladder  side  bar 
Specimea  No.  211 
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Fig.  4- — Fracture 

Material  lo     X  i 


Fig.  5. — Fracture 
Material  35     X  i 
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Fig.  6. — Fractur 
Material  46     X  i 


MS 
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Fig.  8. — Fracture 

Material  6S    X  i 


Fjg.  7. — Fracture 
Material  6s     X  i 
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II.     INVESTIGATION  OF  BRASS  MATERIALS 

In  Table  i  is  given  a  description  of  tiie  various  samples  that 
have  been  investigated  of  materials  which  have  been  in  service, 
together  with  whatever  information  is  available  concerning  the 
service  conditions  to  which  they,  or  the  lots  of  material  which  they 
represent,  have  been  subjected.  Unfortunately,  this  information 
is  often  very  meager;  indeed,  the  lack  of  such  information  often 
makes  impossible  the  deduction  of  definite  conclusions. 

In  Table  2  is  given  information  concerning  the  new  materials 
tested. 

It  will  be  noticed,  in  considering  the  failed  materials  of  Table  i , 
that  several  kinds  df  material  are  involved,  as  well  as  several  manu- 
facturers of  the  same  kind  of  material.  The  material  has  all  been 
worked,  hot  or  cold;  cast  material  has  seldom  been  found  defective 
in  this  manner  (with  the  exception  of  castings  repaired  by  burning 
in).  The  failure  by  cracking  occurred  sometimes  merely  after 
shipment  and  storage,  and  in  other  cases  after  having  been  some 
weeks  or  months  in  service  under  service  stresses  of  widely  differ- 
ent values.  These  cracks  or  fractures  are  in  all  but  a  very  few 
cases  transverse  or  perpendicular  to  the  direction  of  rolling  or 
drawing.  Such  fissures  are  shown  in  Fig.  i.  In  the  case  of 
large  lots  of  strainer  plate,  the  cracks  or  fissures  were  generally 
longitudinal  or  parallel  to  the  direction  of  rolling,  as  shown  in  Fig. 
2,  while  the  fractures  in  some  bolts  were  conical  in  shape  or  cupped, 
as  shown  in  Fig.  7.  The  checks  in  No.  211,  Fig.  3,  are  particu- 
larly interesting,  reminding  one  of  the  I/iider  lines. 

The  fractures  were  generally  of  bright  granular  or  crystalline 
texture  (this  does  not  mean  the  fracture  was  intercrystalline) ,  but 
often  also  of  silky  texture.  Typical  fractures  are  shown  in 
Figs.  4  to  8. 

Table  3  gives  the  results  of  chemical  analyses  and  physical  tests 
of  these  failed  as  well  as  of  other  brass  specimens  tested  in  connec- 
tion with  this  investigation.  The  tensile  tests  were  made  on  a 
specimen  machined  from  the  center  of  the  sample,  of  about  0.5- 
inch  diameter  and  of  2  or  3  inches  gage  length. 
59850—17 2 
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1.  mXERNAL,  INITIAL  STRESSES 

Initial  stresses  are  introduced  into  metallic  articles  in  a  variety 
of  ways.  They  may  be  the  consequence  of  the  cooling  of  different 
parts  of  an  object  at  different  rates  (shrinkage  stresses) ,  or  of  the 
cooling  at  the  same  rate  of  a  heterogeneous  material  consisting  of 
two  or  more  constituents  of  different  coefficients  of  expansion. 
They  rnay  be  the  result  of  unequal  degree  of  plastic  deformation 
in  different  parts  of  an  object,  such  as  in  a  cold-rolled  rod,  in 
which  the  outer  layers  receive  more  "work"  than  the  inner  ones. 

Their  magnitude  and  distribution  may  then  be  said  broadly  to 
depend  upon  two  factors,  one,  the  "process"  factor  which  includes 
those  details  of  manufacture  which  determine  the  rate  of  cooling 
of  materials,  the  amount  and  number  of  reductions  in  working  or 
forging,  the  temperature  at  which  the  work  is  done,  etc.;  the 
other,  the  material  factor,  those  properties  of  the  material,  elastic 
limit,  ductility,  toughness,  etc.,  which  determine  the  degree  to 
which  materials  are  sensitive  to  the  manufacturing  operations. 
Considering  wrought  materials,  one  may  cite  under  the  first  factor, 
details  such  as  the  shape  of  dies  or  rolls,  amoimt  and  number  of 
reduction  between  anneals,  time  and  temperature  of  annealing, 
rate  of  cooling  after  annealing  or  forging,  etc. 

The  distribution  of  such  stresses  may  be  quite  complicated,  as 
Howard  '*  has  shown.  When  any  portion  of  such  an  initially 
stressed  object  is  removed  a  partial  relief  of  these  stresses  takes 
place  through  the  warping  of  the  object.  This  warping  of  cold- 
worked  brass  upon  machining  is  well  known  to  instrument  makers, 
who  frequently  have  to  regrind  close-fitting  parts  frequently  before 
a  permanent  fit  is  secured.  The  warping  due  to  such  stresses 
may  occur  at  least  to  a  slight  degree  also  merely  upon  standing. 
In  constructing  a  brass  plate  condenser  for  precision  work,  Dr. 
H.  L.  Curtis,  of  this  Bureau,  found  that  such  a  condenser  made  up 
with  ordinary  hard  brass  sheet  did  not  possess  a  constant  electrical 
capacity  (which  depends  upon  the  distance  between  the  brass 
plates),  but  that  the  latter  kept  constantly  changing,  showing 
that  the  plates,  although  well  supported,  were  gradually  warping. 
Upon  annealing  these  plates  at  about  250°  F  (120°  C)  no  further 
variations  in  capacity  were  noticed. 

In  the  case  of  wrought  rods,  particularly  as  drawn  or  extruded, 
the  distribution  of  these  stresses  is  simple,  as  they  are  radially 
symmetrical.     This  fact  facilitates  markedly  the  measurement  of 

"  Loc.  dt. 
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their  value,  as  it  is  possible,  as  Heyn  has  shown,  to  calculate  these 
values  from  the  changes  in  length  of  such  rods  during  the  removal 
of  annular  cylindrical  layers. 

(o)  Measurement  and  Calculation. — The  stresses  measured  in  this 
way  are  the  stress  components  parallel  to  the  axis  of  the  rod,  and 
may  be  called  the  longitudinal  or  axial  initial  stresses  as  distin- 
guished from  tangential  or  radial  ones. 

The  measurement  of  the  stresses  in  the  brass  materials  investi- 
gated were  made  by  the  Howard-Heyn  method."  In  Fig.  9  is 
shown  a  specimen  after  the  series  of  measurements  has  been  made. 
The  metal  is  turned  off  over  the  length  a;  if  there  is  longitudinal 
stress  in  the  layers  turned  off,  these  stresses  will  be  relieved  and 
the  whole  bar  will  elongate  or  contract.  These  length  changes 
were,  in  general,  measured  by  means  of  an  end  comparator  between 
the  polished  ends  of  the  bar  A  and  B,  in  some  cases,  however,  by 
line  comparator  or  by  strain  gage.  As  the  ends,  after  machin- 
ing, were  not  perfectly  parallel,  the  same  end  points  or  areas  had 
to  be  used  for  successive  measurements;  this  was  made  possible 
by  scribing  lines  on  the  ends:  two  concentric  circles  and  two 
pairs  of  parallel-straight  lines  at  right  angles,  as  shown  in  Fig.  5. 
In  this  way  four  areas  are  given  on  each  end,  and  the  distances 
between  each  corresponding  pairs  were  measured  after  each  ma- 
chine cut.  The  value  taken  was  the  average  of  these  four  imless 
otherwise  stated.  In  this  way  correction  was  made  for  any  eccen- 
tric distribution  of  the  stresses. 

It  was  found  that  certain  precautions  were  necessary  in  machin- 
ing the  specimen.  It  was  necessary  to  take  a  light  cut  for  two 
reasons,  first,  in  order  that  the  temperature  of  the  specimen  might 
not  rise  too  much  during  machining,  and  second,  in  order  that 
there  should  be  a  minimum  possibility  of  introducing  stresses  at 
the  surface  of  the  machined  bar  by  the  tool  pressure.  A  cut  of 
0.005-inch  feed  and  lead  was  practically  uniformly  adhered  to, 
with  a  speed  of  about  500  r.p.m.  (60  to  125  linear  feet  per  minute). 

The  temperature  of  the  surface  near  the  tool  was  not  allowed 
to  become  so  warm  that  the  hand  could  not  be  kept  on  it,  and  the 
bar  was  cooled  with  an  air  blast  or  water  when  the  temperature 
threatened  to  go  above  this  point.  Thus  was  prevented  the  possi- 
bility of  any  annealing  action  going  on  during  the  machining. 

It  was  noticed  in  the  preliminary  experiments  that  the  use  of 
the  ordinary  form  of  dog  in  gripping  the  specimen  on  the  lathe  was 

"  Such  measurements  were  first  made  on  Harve>-ized  steel  bar  by  Howard  (tests  of  metals.  Water- 
town  Arsenal,  1893,  p.  285);  Heyn  independently  developed  tlie  method  urther.  Marteus-Heyn, 
Handbucb  der  Materialienkunde,  loc.  dt. 
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Fig.  9. — Form  of  specimen  used  in  measuring  initial  stress 


Fig.  10. — Specimen  for  rapid  initial  stress  test 
on  bars 
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not  advisable,  as  the  compression  of  the  specimen  by  it  caused  in 
itself  an  appreciable  elongation.  It  was  necessary  to  use  a  special 
device,  which  consisted  of  a  piece  of  one-fourth  inch  steel  wire 
bent  to  a  right  angle.  One  arm  was  bolted  to  the  face  plate 
of  the  lathe  and  the  other  went  through  a  transverse  hole  in  one 
end  of  the  brass  specimen  and  was  lightly  secured  therein  by  bolts. 
This  arrangement,  it  was  observed,  introduced  no  errors  in  the 
measurements. 

The  length  AS  of  the  specimen  over  which  it  was  turned  down 
varied  from  5  to  25  cm. 

The  stresses  in  each  layer  were  calculated  from  the  formula  ^'' 

^_E      dlih-D-dl,    (ln-.-lo) 

A  consideration  of  the  sources  of  error  of  such  measurements 
shows  that  there  are  three  principal  kinds: 
(i)  Errors  due  to  temperature  variation; 

(2)  Errors  in  length  measurements  on  the  comparator; 

(3)  Errors  in  the  determination  of  the  modulus  of  elasticity. 
The  error  due  to  (i)  was  very  small  as  care  was  taken  to  secure 

a  uniform  temperature  over  the  specimen  and  to  measure  this 
temperature  to  o.  i  °  C.  The  probable  error  in  the  length  measure- 
ments was  about  0.3  to  0.5  n  (about  0.000012  to  0.00002  inch). 
This  corresponds  in  the  majority  of  cases  to  a  probable  stress  error 
of  about  ±300  to  500  pounds  per  square  inch,  although  in  a  few 
cases  where  short  lengths  were  taken  this  error  would  be  from 
±600  to  1000  pounds  per  square  inch.  The  probable  stress  error 
is  directly  proportional  to  any  possible  error  in  the  modulus  which 
is  probably  about  ±3  per  cent.  The  total  probable  error  in  any 
one  measurement  can  be  assumed  to  be  about  ±3  to  4  per  cent. 
In  a  few  cases  the  specimens  were  too  small  or  irregularly  shaped 
to  be  turned  in  a  lathe,  and  in  these  cases  the  metal  was  etched 
off  with  dilute  nitric  acid  and  the  length  measurements  made  with 
a  line  comparator.  In  such  cases  the  error  due  to  irregular  cross 
section,  etc.,  may  have  been  much  greater,  as  much,  possibly,  as 
50  to  100  per  cent. 

»  Where  S=  stress 

£=the  modulus  of  elasticity 

l'=lenEth  over  which  the  specimen  is  turned  down 

rfn=  diameter  of  turned  down  part  after  the  nth  machine  cut 

lD=*len^h  of  bar  after  nth  machine  cut 

lo^ original  length  of  bar 
A  plus  value  for  5i  indicates  a  tensional  stress  in  the  corresponding  layer. 
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In  several  cases  a  strain  gage  was  used,  in  which  cases  the  prob- 
able stress  error  due  to  a  lesser  accuracy  of  the  length  measiu-e- 
ment  may  have  been  5000  pounds  per  square  inch. 

In  some  cases  the  value  of  E  could  not  be  determined  on  the 
same  bar  which  had  been  used  in  the  determination  of  initial 
stress,  and  the  value  of  E  of  other  samples  of  the  same  lot  had  to 
be  used.  This  introduces  an  unknown  error  which  probably  will 
not  exceed  at  the  maximum  ±  1 2  per  cent. 

Values  obtained  from  measurements  made  under  the  less  favor- 
able conditions  of  this  sort  will  be  indicated  in  the  tables  below. 

There  is  obtained  by  such  measurements  a  value  of  the  internal 
stress  for  each  annular  or  rectangular  layer,  which  may  best  be 
presented  in  the  form  of  diagrams  in  which  the  stresses  for  each 
layer  are  plotted  as  a  function  of  either  the  diameter  '^  of  the 
annular  layer,  or  of  this  diameter  squared,  as  Heyn  has  done. 
For  convenience  in  obtaining  average  values  of  the  initial  stresses 
we  have  chosen  to  use  Heyn's  method  and  plot  the  stresses  as  a 
function  of  the  diameter  squared. 

Such  a  diagram  is  given  in  Fig.  97  for  M  3.  The  outer  layer  of 
this  1.25-incli  rod  was  in  tension  from  the  edge,  at  a  diameter  of 
V1.57  =  1.25  inches,  to  the  neutral  point,  which  lay  at  a  diameter 
of  Vo-82  =0.905  inches.  The  average  value  of  that  tension  was 
25  000  pounds  per  square  inch,  the  maximum  value,  44  000  pounds 
per  square  inch.  From  the  neutral  layer  to  the  center  the  metal 
was  in  compression. 

TABLE  4 

Initial  Stress  Measurements  Made  on  Different  Samples  of  the  Same  Manganese- 
Bronze  Rod 


Distance 

ot  sample 

from  end 

olbai 

Length 
ot 

sample 

Method  ot 
procedure 

Initial  stresses 

B.  S.  No. 

Average  stress 

Mailmum 
tension 

Maximum 
compression 

135-2 

136-24 

136-50 

136-51 

136-a 

314-1 

Feet 

0 
10 
14 
14 
11 

Ins. 

6 

0 

0 

2} 

0 

Inches 

5 
5 

2i 
10 
5 
10 
10 

Turning  down. 

do 

do 

do 

Boring  out..... 
Turning  down. 
Boring  out 

lbs./ln.> 

22  200 
22  000 
25  000 
22  800 

20  500 
22  500 

21  300 

kg/cm» 
1560 
1540 
1750 
1600 
1440 
1580 
1490 

lbs./ln.« 
34  000 

36  000 
38  000 
38  800 
22  800 

37  500 
30  200 

kg/cm« 
2390 
2530 
2670 
2730 
1610 
2630 
2120 

ibs./ln.' 
32  000 
32  000 
34  000 
29  300 
36  600 
23  400 
29  500 

kg/cm» 
2250 
2250 
2390 
2060 
2580 
1640 

314-2 

2050 

(6)   Values  of  Initial  Stresses. — Diagrams  are  shown  for  typical 
materials  tested  in  Figs.  97  to  120. 

■>  For  rectangular  or  lauare  rods  one  would  use  one  transverse  dimension  In  place  of  the  diamMer. 
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In  order  to  ascertain  what  agreement  could  be  obtained  in  the 
measurement  of  these  stresses  on  the  same  material  by  different 
methods  and  over  specimens  of  different  length,  several  measure- 
ments were  made  of  these  stresses  in  specimen  M  136,  a  20-foot 
length  of  I -inch  diameter  manganese-bronze  round  rod.  The  posi- 
tion and  length  of  these  samples,  the  method  of  procedure  in 
machining,  and  the  results  of  the  measurements  are  given  in 
Table  4,  and  an  idea  of  the  agi  cement  between  the  results  of  these 
tests  may  be  obtained  from  the  initial  stress  diagrams.  Figs.  103 
to  1 10.  It  is  seen  that  although  individual  layers  will  often  possess 
stresses  of  different  value  in  different  parts  of  the  rod,  the  average 
value  of  the  stresses  agrees  very  closely,  as  can  be  seen  b\-  reference 
to  the  table  below.  In  particular,  these  results  indicate  (i)  that 
the  results  by  boring  out  and  turning  down  are  almost  identical, 
with  the  precautions  observed,  (2)  that  the  end  effects  --  are 
limited  to  a  very  small  length  at  the  ends,  since  the  values  of  the 
stresses  on  adjacent  samples  of  lengths  2  '/^  and  10  inches,  respec- 
tively, show  good  agreement.  In  fact,  the  average  stress  in  the 
small  specimen,  M  136-50  is  greater  than  in  the  adjacent  lo-inch 
sample.  No.  136-51,  which  is  the  reverse  of  what  would  be  ex- 
pected if  the  stresses  were  much  lower  near  the  ends  of  the  test 
specimen. 

Another  set  of  determinations  was  made  on  adjacent  10-inch 
length  of  2-inch  diameter  round  Tobin  bronze  rod,  in  order  to 
determine  what  agreement  would  be  found  l^etween  the  results 
obtained  by  machining  down  and  by  boring  out  a  rod.  These 
results  are  also  given  in  Table  4  and  in  the  stress  diagrams  Nos.  109 
and  1 10.  Apparently  the  variations  in  values  are  within  the  limits 
of  experimental  error  or  of  the  variation  of  uniformitv  of  the  bar 
itself. 

Although  the  initial  stress  diagram  alone  completely  describes 
the  state  of  initial  stress  (as  regards  longitudinal  stresses)  in  a  bar 
or  rod,  it  is  possible  to  choose  certain  values  of  these  stresses  which 
may  serve  as  at  least  approximate  characteristics.  Such  are  the 
maximum  tension,  the  maximum  compression,  the  stress  value  in 
the  outermost  layer,  and  the  average  stress  (without  regard  to 
sign).  The  maximum  values  are  not  generally  conveniently 
possible  of  acctu-ate  determination,  for  the  reason  that  these 
maxima  are  attained  in  a  very  thin  layer  only  of  the  material, 

-  Dr.  G.  R.  Olshausen  has  suggested  that  at  the  ends  the  stresses  must  be  zero  in  value,  and  the  actual, 
original  value  (i.  e..  before  the  bar  was  cut  at  these  ends)  ot  the  stress  in  any  layer  is  reached  only  at  some 
distance  from  the  ends.  What  is  measured  is  an  average  value,  over  a  length  of  rod  which  may  include  a 
part  of  the  rod  near  the  ends  in  which  this  variation  of  stress  is  taking  place. 

59850—17 3 
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which  layer  is  included  together  with  adjacent  ones,  containing 
lower  stresses,  in  the  larger  one  machined  off.  It  would  be  neces- 
sary, in  order  to  determine  maxima  accurately,  to  take  inhnitelv 
thin  steps  in  machining. 

The  Table  5  contains  these  four  principal  values  of  the  initial 
stress  in  each  specimen  tested.  A  column  indicates  which  kind  of 
stress  exists  in  the  outer  Liver  (C  =  compression,  T  =  tension). 

TABLE  5 
Principal  Values  of  the  Initial  Longitudinal  Stresses  in  Brass  Materials 

[Conversion  factor,  Ibs./in.-  to  ks/cm- 0703] 


T=Ten- 

B.  S.  No. 

Average 

stress 

Maximum 
tension 

Maximum 
compression 

Stress  in 
outer  layer 

sion 
C=  Com- 
pression 

Remarks 

Ibs./in.= 

Ibs./in.= 

lbs.'in.2 

Ibs./in.' 

60  500 

60  500 

T 

3 

25  000 
18  400 

44  000 
28  400 

33  000 
28  200 

32  000 
27  500 

T 
C 

22  0 

23  0,  J. 

15  400 

24  500 

31  600 

18  000 

c 

28" 

5500 

7500 

8500 

8430 

c 

32" 

17  900 

20  500 

26  500 

26  400 

c 

34" 

18  700 

2ti  500 

25  500 

16  000 

c 

Material  of  which  from  4  to  83 

41o 

4400 

32  000 

5500 

5600 

c 

per  cent  failed  In  service. 

43  o 

2500 

4500 

5500 

400 

c 

49  0 

3100 

3500 

7000 

6500 

c 

54  o 

1600 

5000 

6500 

5100 

T 

67  0 

6400 

12  000 

11  000 

12  400 

^          i 

68  !> 

3900 

7500 

9000 

5500 

c 

74  <= 

15  700 

17  000 

21  500 

9800 

c 

78  c 

9500 

29  500 

6500 

29  600 

T 

83             

1000 
2000 
750 
750 
1870 
2300 
9900 
8500 

2500 
7000 
1250 
2000 
8000 

13  300 
7500 

46  000 

1500 
6000 
1000 
1200 
2000 
5800 
15  000 
19  500 

2700 

1400 

1400 

•  2000 

8200 

13  000 

15  000 

46  000 

T 
T 
T 
T 
T 
T 
C 
T 

85 

92 

94 

New  material. 

101 

103. 

116' 

118  c 

About  20  per  cent  (ailed  In 
service. 

125<: 

4300 

3500 

5500 

5800 

C 

129 

14  600 
17  600 

20  000 
19  500 

24  000 
59  000 

22  000 
59  000 

C 
C 

New  material. 

131-L 

131-T 

1500 

5500 

2500 

5600 

T 

136  6 

22  200 

34  000 

32  000 

27  000 

T 

138c 

500 

2500 

450 

2500 

T 

140c 

18  000 

46  000 

42  000 

46  000 

T 

20  per  cent  failed. 

142c 

30  300 

29  500 

70  000 

29  200 

T 

156 

3000 
3100 

IS  000 
5100 
43  000 
84  000 
53  000 

11  500 
7700 

15  000 

6000 

9000  _ 

83  OOO' 

26  000 

T 
T 
T 
T 
T 

157 

158 

From  lots  of  failed  material. 

160 

30  300 

38  700 

1611 

1  The  detenninatiou  of  E  was  made  on  samples  of  the  same  lot.  but  uot  on  bolt  tested  for  initial  stresses. 
t>  These  materials  had  nonsymmetrical  stresses  over  2000  to  3000  pounds  per  square  inch.     (See  p.  36.) 
c  The  value  of  E  was  assumed  to  be  16  000  000  pounds  per  square  inch. 
«*  The  value  of  E  was  assumed  to  be  is  c»o  000  pounds  per  square  inch. 


Failure  of  Brass 
TABLE  5— Continued 


35 


B.  S.  No. 


163.... 
164.... 
165.... 
166.... 
167.... 
168.... 
169''.. 
170. . . . 
171.... 
172.... 
173.... 
174.... 
175.... 
181.... 
182.... 
183.... 
184.... 
185.... 
186.... 
187.... 
188.... 
189.... 
193  <■ . . 
19So.. 
197o.. 
199  0.. 
201-A<- 
203. . . . 
204.... 
205'.. 
235.... 
244.... 
245  '.  . 
246.... 
247.... 


Average 
stress 


tension 


Maximum 

compres-  ! 
slon 


Stress  in 
outer  layer 


Ibs./ln.^  ; 
2750 
2900 

12  000 
9600 

13  100  i 
32  600  ' 

3500 
42  500 
6600 
15  700 
4200 
37  500 
3380 
5600 
2400 
UOO 
1100 
3800 
1900 
3000 
5620  I 
5270  ! 
7700 
3600 
5200  j 
3400 
1950 
5500 
5400 
4900  ! 
5500 
3630 
5300 
2280 
4400 
1100 


Ibs./in.:  I 
6000 
3000 

M  000 
9600 

17  500 

56  500 
5100  : 

94  000  ! 

11  900  I 

32  500 
6100  I 

65  500 
9000 
9000 
4300 
3000 
3700 
5000 
3000 
1700  I 
6500  i 
7500 
9800 
4500 
6000  i 
3200  [ 
3200 
4500 
7800 
7200 
6000 


9850 
6900 


Ibs./in.<  ' 

15  50O  ! 
11  500 
33  000 
26  000 
28  000 
44  500 

6000 
44  000 
10  000  I 
22  500  j 

10  800 
53  500  ' 

9000 
8400 
5800 
3000  '■ 
1500  ; 
8000 
4500  ' 
6500 
14  000  I 

11  800  ' 

12  000  ! 
4500 
8000 
5500 
2500  I 
7000 
9200  j 

11  700  I 
930O  I 

11  200 
8700 

35  600 

16  100 
5400 


T-Ten- 

slon 
C  =  Com- 
pression 


Remarks 


Ibs./ln.: 
7000 
1000 

11  000 
27  000 
26  000 
56  000 

70OO 
42  000 

10  000 

12  000 

11  000 
40  000 

8000 

9000 

2500 

3500 

2000 

8000 

4500  ] 

6000 

13  000  I 

12  000  I 
12  000  ; 

3000  [ 

8000 

3000 

2000 

4500 

7500 

12  000 
4000 

11  200 
8700 

35  600 

16  100 
5400 


C 

c 
c 
c 
c 

T 
C 
T 
C 
T 
C 
T 
C 
T 
T 
T 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
T 
T 
C 
T 
C 
C 
C 
C 
C 


(Material  did  not  fail. 


New  material. 


Brass  bolts,  representing  lots 
oi  some  1 000- 1 500  bolts  which 
have  not  failed  in  service. 


^New  material. 


Failed  material. 


a  The  determination  of  E  was  made  on  samples  of  the  same  lot,  but  not  on  bolt  tested  for  initial  stress, 
t»  These  materials  had  nonsymmetrical  stresses  over  ;ooo  to  jooo  pounds  per  square  inch.  (See  p.  36.) 
<"  The  value  of  E  was  assumed  to  be  16  000  000  pounds  per  square  inch. 

A  very  wide  variation,  both  in  magnitude  and  in  distribution  of 
these  initial  stresses,  is  noticed  from  the  table,  corresponding  to  the 
variation  in  the  countless  details  of  manufacture. 

The  distribution  of  the  initial  stresses  is  interesting  and  gives 
an  indication  as  to  the  mode  of  manufacture  of  the  material. 
Drawing  cold  introduces  tension  on  the  outside  and  compression 
on  the  inside,  whereas  extrusion  produces  the  reverse  effect.  The 
rods  Nos.  3,  136,  160,  167,  and  173  have  been  finished  by  heavy 
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cold  drawing,  whereas  the  work  done  on  the  others  was  largely 
extrusion  followed  by  a  draw  to  size.  The  effect  of  this  final  draw 
can  always  be  seen  in  the  displacement  of  the  stress  values  at  the 
surface  toward  tension.  In  some  cases — for  example,  No.  67 — 
the  final  draw  has  been  sufficient  to  neutralize  the  compression  at 
the  surface  resulting  from  extrusion  and  produce  actual  tension;  in 
others — Nos.  32,  43,  164,  etc. — the  final  draw  has  only  succeeded 
in  partially  neutralizing  these  surface  compressional  stresses. 

(c)  Radially  Nonsymmetrical  Stresses. — It  was  noticed  in  the 
measurement  of  the  length  changes  which  took  place  upon 
machining  that  these  were  not  always  the  same  in  value  for  the 
four  positions.  In  the  great  majority  of  cases  these  differences 
were  small  and  could  be  explained  by  a  slight  inaccuracy  in  center- 
ing the  bar  for  machining,  such  that  the  layers  turned  off  were  not 
concentric  to  the  true  center  of  the  rod.  In  some  cases  these 
differences  were,  however,  too  large  to  be  accounted  for  in  this 
manner  and  were  due  to  an  eccentric  distribution  of  stress  which 
can  be  approximately  described  as  consisting  of  a  S3'stem  of  radially 
symmetric  stresses  superimposed  upon  two  sets  of  initial  resisting 
moment  stresses,  referred  to  two  neutral  diametral  planes  at  right 
angles  to  each  other.  These  latter  may  be  looked  upon  as  initial 
bending  stresses,  and  their  values  were  calculated  in  the  cases  in 
which  a  great  variation  in  the  elongation  or  contraction  along 
opposite  fibers  gave  evidence  tliat  they  were  of  large  value. 

In  so  doing  use  was  made  of  an  equation"  similar  to  the  one 
on  page  31,  and  which  is  given  below. 

■^■'     4  Dl  (J*-,-dS)^  "-'  ^"-'      °-'^       °^°      "'^ 

This  equation  was  derived  by  considering  that  the  specimen  is 
built  up  of  concentric  annuli  of  differing  unit  stresses,  hence  of 
differing  resisting  moments,  which,  however,  in  summation  equal 
zero;  expressing  this  fact 

"Where 

SD^average  fiber  stress  in  nth  layer  contributing  to  a  resisting  bending  moment  only. 
£— the  modulus  of  elasticity. 
JO •=  transverse  distance  between  opposite  pair  of  points  A  and  B  (i.  e.,  i  and  3  or  a  and  4  in  Pig.  5)  on 

ends  of  bar,  at  which  length  measurements  were  made. 
l=leii|^  of  bar. 
</a=diameter  aiter  nth  machine  cut. 

^>Total  elongations  of  bar  after  the  removal  of  the  nth  layer  at  the  pointa  A  and  C.  respectively. 
1. 
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Where  5  is  the  tiber  stress  at  a  distance  C,  and  /,  the  moment  of 

inertia  of  the  section .     Tlie  subscripts  refer  to  the  successive  layers 

57' 
or  annuH,  and  the  term  -^  to  that  cyHndrical  part  of  the  bar 

remaining  after  turning  off  the  ntli  layer. 

E  C 
Considering  now  that  Si  =  ^5—^ 

where  R  is  radius  of  curvature  of  bar  originally  straight,  and  is 
equal  to 

Pi     _P 

1A  C        "n 

'n~"    In 

using  the  proper  values  for  /  and  combining  the  above  equations, 
the  full  equation  is  obtained. 

Although  these  stresses  as  so  measured  were  of  little  significance 
in  the  majority  of  cases,  as  mentioned  above,  amounting  to  in 
maximum  ±  1000  pounds  per  square  incli,  mention  is  here  made 
of  them  and  the  measurements  made  of  them  to  show  that  a  false 
impression  of  the  longitudinal  initial  stresses  may  be  obtained  by 
noting  the  a\'erage  change  of  length  only  in  such  measurements. 
In  materials  Nos.  23,  136-2,  and  169  such  bending  (fiber)  stresses 
were  found  amounting  to  at  maximum  ±  16800,  ±8000,  and  ±  18000 
pounds  per  square  inch,  respectively.'*  These  stresses  must  be 
added  algebraically  to  the  average  longitudinal  fiber  stresses  in 
order  to  obtain  the  true  stress  at  any  points.  These  bending 
stresses  of  large  value  are  probably  introduced  into  the  rods  during 
straightening. 

(d)  Rapid  Methods  for  Imtial-Stress  Determinations. — The  im 
portance  of  having  methods,  which  are  quick  and  convenient,  by 
which  materials  may  be  tested  for  the  presence  of  internal  stresses 
will  at  once  be  realized.  The  layer-by-layer  method  is  the  only 
accurate  one  as  yet  known,  but  it  is  much  too  slow  for  inspectional 
work,  for  example. 

Instead  of  so  measuring  the  stresses  the  average  value  only 
may  be  measured,  only  one  layer  being  removed  by  machining  in 
this  case,  of  which  the  area  is  equal  to  0.5  of  the  total  area.  In 
the  great  majority  of  cases  the  initial  stress  changes  sign  at  about 
that  value  of  the  diameter— that  is,  0.7  of  the  original  diameter — 
at  which  the  remaining  cross-sectional  area  is  0.5  of  the  original. 
A  strain  gage  can  be  used  in  this  case,  with  gage  points  on  two 
opposite  fibers.     For  an  8-inch  gage,  for  example,  the  specimen 

'•  The  presence  of  such  nonsymmetrical  stresses  of  significant  value  is  noted  (6)  in  Table  s. 
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should  be  lo  inches  long;  if  a  layer  7  inches  long  is  removed,  the 
average  stress  would  be 


E(di      (In-lo)     \ 

I'V      dl-d^     J 


=  f(l.-lo) 

y 

A  stress  value  of  2000  pounds  per  square  inch  would  give  a 
change  in  length  of  0.00 1  inch. 

A  second'method  of  obtaining  a  value  of  the  initial  stresses  was 
suggested  by  S.  W.  Miller,  of  the  Rochester  &  Mohawk  Welding 
Works,  and  tested  by  us  on  samples  of  known  initial-stress  distri- 
bution. This  method  depends  uj^on  the  fact  that  a  portion  cut 
longitudinally  from  a  round  rod,  and  having  a  sector  section 
similar  to  that  in  Fig.  10  will  bend,  such  that  the  outer  surface, 
originally  straight,  will  be  convex  or  concave,  depending  upon 
whether  compression  or  tension  were  originally  present  in  the  out- 
side layers.  In  Fig.  10  is  shown  specimen  M- 136  with  such  a  section 
of  30°  angle  removed  over  a  length  of  5  inches.  The  concave 
curvature  of  the  piece  removed  is  easily  seen. 

Making  the   assumption   that   bending   takes   place   around   a 

neutral  plane  passing  through  the  center  of  gravity  of  the  section, 

there  can  be  calculated  the  change  of  the  stress  in  either  outside 

original  surface  fibers  or  inside  original  ones  caused  by  the  bending. 

These  are,  respectively, 

^  ,,      Er     SB  8r 
AS   =  —  = 

"     3^       ,3^^ 
,  „       2Er     1 6E  6r 

where 

A5„,  ASi  =  changes  in  stress  at  outer  and  inner  libers,  resjjectively. 

E  =  modulus  of  elasticity. 

R  =  radius  of  curvature  produced  by  bending. 
6  =  bending  at  center  in  linear  measure. 

L  =  length  of  specimen. 

r  =  radius  of  rod. 
Three  i^-inch  specimens  were  so  tested  and  the  results  so  calcu- 
lated are  compared  in  Table  6  with  those  obtained  by  the  com- 
parator method.  The  assumption  is  further  made  in  this  table 
that  the  larger  fraction  of  the  initial  stresses  is  released  by  the 
bending,  such  that  the  calculated  change  in  stress  is  equal  approxi- 
matelv  to  the  original  stress.     Naturally  these  assumptions  hold 
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the  better,  the  nearer  the  actual  initial  stress  distribution  corre- 
sponds to  a  linear  one  with  a  change  of  sign  of  stress  at  the  neutral 
axis  passing  through  the  center  of  gravity. 

TABLE  6 
Comparison  of  Measurements  of  Initial  Stress  by  Two  Methods 


Initial  stresses  "  as  measured  by 
comparator  method 

Amount  of 
bending 
at  center 
of  5-inch 
specimen 

Initial  stresses  ^  by 
release-bending  method 

B.  S.  No. 

Average 
stress 

Mazimum 

stress  near 

surface 

Maximum 

stress  near 

center 

Outer 
surface 

Iimer  edge 

136 

lbs./in.= 

22  250 

3500 

42  500 

.    Ibs./in.' 

+  34  000 
-     6000 
+  94  000 

lbs./ln.= 
-32  000 
+     5100 
-44  000 

inches 

0.  0350 
.0510 
.0059 

lbs./in.= 

+  30  000 
-     4720 
+  41  000 

lbs./in.= 

—  60  000 

168 

+     9400 

169 

—82  000 

a  The  signs  refer  to  the  kind  of  stress;  +  signifies  tension. 

From  the  table  it  is  seen  that  for  these  materials  there  is  good 
agreement  between  the  maximum  stress  values  at  or  near  the 
outer  surface,  but  not  at  the  center,  where  the  release-bending 
method  gives  them  uniformly  too  high.  This  test  is  recom- 
mended as  being  the  quickest  method  known  of  obtaining  an 
approximate  idea  of  the  value  of  the  initial  stresses. 

One  must  not  overlook  in  these  last  two  methods  described 
their  inherent  faults.  It  is  possible  to  obtain  false  results  by 
both  methods  when  the  initial  stress  changes  sign  more  than 
once  and  by  the  Miller  method  when  the  stress  distribution  differs 
widely  from  a  linear  one,  with  neutral  point  at  a  distance  from 
the  center  equal  to  70  per  cent  of  the  radius.  Some  sacrifice  in 
accuracy  must  be  made  wlien  rapidity  and  ease  of  manipulation 
are  desired. 

(e)  Removal  of  Initial  Stresses  by  Annealing. — Experiments 
were  made  to  ascertain  under  what  conditions  of  anneahng  the 
initial  stresses  could  best  be  removed.  From  one  manganese- 
bronze  material,  No.  136,  of  which  a  20-foot  length  of  rod  was 
supplied,  several  5 -inch  lengths  were  taken  and  annealed  for 
different  periods  at  several  temperatures.  Initial  stress  measure- 
ments and  tensile  tests  were  then  made  on  the  specimens  so 
treated. 

The  Table  7  contains  the  results  so  obtained.  The  initial 
stress  diagram  for  136-6,  annealed  for  one  hour  at  400°  C,  is 
given  also  in  Fig.  108.  The  values  given  in  the  Table  7  of  the 
average  initial  stresses  are  plotted  in  Fig.  11  as  a  function  of  the 
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annealing  temperatures.  It  is  seen  (i)  that  temperatures  of 
from  300°  to  400°  are  sufficient  to  reduce  in  from  one  to  seven 
hours  the  initial  stresses  to  a  safe  value,  and  (2)  that  anneaHng 
for  from  one  to  seven  hours  at  400°  C  does  not  soften  this  material 
in  the  sense  of  reducing  either  the  ultimate  strength  or  the  pro- 
portional limit.  It  is  thus  possible  to  anneal  this  brass  material 
in  such  a  manner  as  to  remove  the  internal  stresses  and  yet  not 
affect  the  mechanical  properties.  No  significance  is  probably  to 
be  attached  to  the  initial  rise  of  curve  No.  i  in  Fig.  11.  It  is  prob- 
able that  the  original  average  stress  in  this  sample  was  actually 
higher  than  that  of  the  two  original  samples  tested. 

TABLE  7 
Effect  of  Annealing  on  Properties  of  1-inch  Manganese-Bronze  Rod 


136-2.. 
136-24. 
136-8.. 
136-16. 
136-3.. 
136-17. 
136-9.. 
136-12. 
136-20. 
135-10. 
136-18. 
136-6.. 
136-14. 

23 

23A... 


B.  S.  No. 


Time  ol 
annealing 


Hours 


(<■) 


Tempera- 
ture ol 
annealing 

Average 
stress 

Maximum  i 
tension    1 

°C 

Ib9./ln.: 

lbs./in.= 

(«) 

22  250 

34  000 

C) 

22  200 

36  000 

100 

24  700 

31  400  j 

100 

18  250 

65  000  , 

110 

16  800 

29  000 

170 

17  200 

29  000  : 

170 

U  400 

17  500  1 

232 

5500 

8100 

232 

3100 

3500  ; 

360 

1470 

5000 

360 

ISO 

1000 

400 

1200 

5600 

400 

100 

100 

;     (0, 

IS  400 

24  500 

600 

3000 

11  000 

Maximum 

comprea- 

skin 


lb3./ln.: 

32  000 

32  000 

38  500 

35  000 

24  300 

23  500 

16  600 

7000 

5000 

1500 

200 

1000 

500 

31  600 

16  500 


Time  ol 
annealing 


136-4. 
136-7. 
136-15 


Hours 


Tempera- 
ture oi 
annealing 


Ultimate 
strength 


Propor- 
tional 
limit 


Elongation 
in  2  inches 


lbs./in.2  I 

72  000  ■ 
400  72  500  I 
400      71  OOO  i 


lbB./in.2  ' 
27  50O 
35  000 
32  500 


Per  cent 

44 
33 
37 


Reduction 
ol  area 


Per  cent 

50 
49 
50 


*»  As  received. 


This  material  was  not  an  extremely  hard  manganese  bronze, 
and  it  is  probable  that  in  the  case  of  brasses  whose  "work  hard- 
ness" is  much  greater,  such  as  No.  173,  the  elastic  limit  will  be 
affected  at  lower  temperatures  than  400°  C,  and  annealing  even 
below  that  temperature  will  soften  the  material.     It  is,  in  fact, 
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possible  that  an  inverse  relation  exists  between  the  work  hardness 
of  the  bronze  and  the  temperature  at  which  plastic  flow  begins 
under  the  influence  of  initial  stress.  However,  this  brass  tested, 
No.  136,  was  as  hard  after  annealing  at  400°  C  as  is  ordinarily 
specified  for  manganese  bronze  and  much  harder  than  is  required 
by  the  New  York  Board  of  Water  Supply  specifications,  for 
instance. 

It  is  interesting  to  notice  that  the  stresses  in  the  specimen  23  A 
were  not  so  completely  removed  by  annealing  at  600°  C  for  one- 
half  hour  as  those  in  No.  136  by  annealing  for  one  hour  at  300° 
to  400°  C. 
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Abscissas Annealing  temperatures  in  "C 

Ordinates AveraRC  initial  stress  in  itounds  per  square  inch 

Curve  I For  i  hour's  annealing 

Curve  3 For  7  hours'  annealing 

It  should  here  be  emphasized  that  the  results  on  the  small 
I -inch  diameter  rods,  which  were  used  in  these  annealing  experi- 
ments, can  not  necessarily  be  taken  as  numerically  charactferistic 
also  of  heavier  samples,  for  which  higher  temperatures  and  longer 
periods  of  lieatiug  are  probably  necessary  in  order  to  relieve  the 
stresses. 

In  connection  with  the  aiuiealing  of  brass  in  order  to  relieve 
initial  stresses,  it  may  be  mentioned  that  a  whole  filter  in  the  city 
of  Minneapolis  filter  plant  was  equipped  with  annealed  plates  and 
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bolts". and  put  in  operation  on  February  15,  1915.  To  date, 
August,  191 6,  no  breakat:;es  liave  been  experienced  in  this  filter, 
althougli  the  conditions  are  otherwise  the  same  as  those  under 
which  tlie  failures  described  on  pages  8-10  occurred.  This  experi- 
ence indicates  the  practical  efTect  of  relieving  the  initial  stresses  in 
brass  by  annealing. 

2.  STRUCTURE  OF  BRASSES  AND  ITS  RELATION  TO  FAILURES 

In  Fig.  12  is  reproduced  part  of  the  equilibrium  diagram  for  the 
copper-zinc  alloys  according  to  Carpenter.-"  Alloys  containing 
up  to  about  37  per  cent  of  zinc  are  homogeneous  in  structure  and 
consist  of  the  solid  solution  known  as  alpha.  Alloys  of  compositions 
37  and  47  per  cent  are  heterogeneousandconsistof  mixtures  of  alpha 
and  apparent  beta,  according  to  Carpenter,  or  beta  prime,  according 
to  Hudson.  Carpenter  believes  that  the  I^eta  constituent  breaks 
down  into  a  eutectoid  of  alpha  and  gamma  at  470°  C,  this  eutectoid 
being  in  general  of  so  hne  a  state  of  division  that  it  appears  as  a 
homogeneous  constituent.  Hudson,-'  on  the  other  hand,  claims 
to  have  proven  that  the  beta  suffers  merely  an  allotropic  modifica- 
tion at  470°  C,  forming  what  he  calls  beta  prime,  a  constituent 
which  differs  apparently  in  no  sensible  manner  from  beta.  The 
authors  will  refer  in  general  to  the  apparently  homogeneous  con- 
stituent which  occurs  together  with  alpha  in  60:  40  brasses  as  beta. 

The  tin-copper  equilibrium  diagram  is  quite  similar  to  Carpen- 
ter's zinc-copper  one,  and  the  alloys  show-  the  same  phase  changes, 
except  that  there  is  a  visible  transformation  of  beta  into  a  eutectoid 
of  alpha  and  gamma.  When  tin  is  added  to  a  copper  alloy  it  dis- 
solves in  either  or  both  of  the  solid  solutions  up  to  a  certain  extent 
and  acts  structurally  very  much  like  an  addition  of  about  2.5  times 
that  of  zinc.  For  the  sake  of  convenience  one  can  .then,  from  the 
structural  standpoint,  consider  that  a  brass  containing  tin  in  not 
too  large  amounts  is  simply  brass  with  a  fictitious  zinc  content 
higher  than  its  actual  one  by  2.5  times  the  content.  If  too  much 
tin  is  added,  depending  upon  the  percentage  of  zinc  present,  a 
third  constituent,  the  so-called  delta  constituent,  appears. 

Considering  all  such  brasses,  as  Muntz  metal,  Naval  brass,  and 
Manganese  bronze  in  this  way,  the  shaded  strip  in  the  Fig.  12 
represents  the  range  of  compositions  (fictitious  zinc  compositions) 
usually  met.     For  instance,  a  manganese  bronze  (copper,  56.89 

^  These  were  annealed  for  an  hour  or  two  at  700*  C  (1300*  F)  and  cooled  very  slowly  under  lime. 
"  H.  C.  H.  Carpenter.  Further  Experiments  on  the  Critical  Point  at  470'  C  in  Copper-Zinc  Alloys;  Journal 
of  the  Institute  of  Metals,  7,  p.  70:  1912. 
-"  O.  F.  Hudson,  The  Critical  Point  at  460^  C  in  Zinc-Copper  AUoys.  Journ.  Inst,  of  Metals.  12,  p.  loi;  1914. 
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per  cent;  zinc,  40.53  per  cent;  tin,  1.17  per  cent)  would  be  an  alloy 
of  40.53 +  ( I.I  7  X  2.5)  =  approximately  43  per  cent  fictitious  zinc 
content. 

Tlie  lead  antl  the  manganese  usually  found  in  tliese  alloys 
(manganese  only  in  manganese  bronze)  are  present  in  \ery  slight 
quantity  and  are  gencrall}-  dissolved  in  the  two  constituents,  hence 
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Tig.  12. — Portion  of  the  Cu-Zv  equilibrium  diagram  according  to  Carpenter 
The  shaded  strip  represents  the  range  of  compositions  of  brasses  investigated 

are  not  \isible  microscopically.  The  iron  in  manganese  bronze  may 
apparently  either  be  dissolved  in  either  alpha  or  beta  or  lioth, 
hence  microscnpitalh-  inxisible,  or  it  may  be  present  as  such  in  the 
form  of  line  gloljulcs. 

It  is  then  to  be  noticed  that,  in  general,  brass  of  this  type  should 
consist  of  beta  grains  inside  of  which  the  alpha  has  separated 
during  cooling.     If  extensive  "work  has  been   applied   below   the 
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line  bd,  of  the  separation  of  alpha,  this  constituent  may  be  expected 
to  show  in  its  distribution  the  efTects  of  that  work.  In  the  case  of 
rolled  or  drawn  material,  particularly  if  worked  and  annealed 
repeatedly,  this  distribution  takes  the  foim  of  parallel  rows  of 
elongated  alpha  and  beta  grains. 

If,  however,  the  work  has  been  applied  above  the  line  bd  the 
alpha  constituent  forms  after  the  work  has  been  done  and  hence 
shows  no  effect  of  this  work,  whereas  the  beta  grains  may  be 
elongated. 

Both  of  these  types  of  structures  are  found  in  brasses  of  this 
type. 

Of  each  of  the  specimens  a  three-fourths-inch  longitudinal 
central  section — that  is,  a  center  section  parallel  to  the  direction  of 
rolling  or  axis  of  the  rod — was  prepared  and  etched.  This  was 
taken  immediately  adjacent  to  the  fracture  in  the  case  of  the  frac- 
tured specimens  and  taken  so  as  to  include  one  or  more  fissures  in 
the  case  of  the  cracked  or  fissured  materials.  These  specimens 
were  first  heavily  etched  to  show  the  macrostructure,  and  then  repol- 
lished  and  lightly  etched  to  sliow  better  the  microstructure. 
Heavy  etching  of  these  alloys  is  best  accomplished  with  an  am- 
moniacal  solution  of  copper-ammonium  chloride : 

Cu-Am-0H-(2)       s  gr-  copper  ammonium  chloride 
5  cc  cone,  ammonium  hydroxide 
1 2o  cc  water. 

This  reagent  will  develop  nicely  the  beta  grains,  but  for  the  pur- 
pose of  developing  the  microstructure  satisfactorily  recourse  mav 
be  had  to  a  more  dilute  .solution  of  (2)  such  as: 

Cu-Am-OH-(i)       5  gr.  copper  ammonium  chloride 
7.5  cc  corrc.  ammonium  hydroxide 
1000  cc  water. 

The  reagent  etches  the  alpha  constituent  dark  in  general. 
However,  a  queer  fact  was  noticed  in  this  connection,  namely, 
that  a  specimen  in  which  the  alpha  would  etch  dark  at  first  would, 
after  a  period  of  several  days,  etch  exactly  in  the  reverse  manner 
with  the  same  reagent;  that  is,  with  alpha  light.  The  authors 
are  inclined  to  look  upon  this  phenomenon  as  being  due  to  the 
release  at  the  surface  of  initial  stresses,  \vhich  alter  the  relative 
corrodibility  (electrolytic  potential)  of  the  beta  and  alpha  con- 
stituents. 

In  some  cases  a  light  etch  with  ammonium  hydroxide  with 
hydrogen  peroxide  is  more  satisfactory,  or  a  polish  attack  with 
ammonium  hydroxide.     The  latter  etches  beta  dark  in  general. 
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A  number  of  figures  are  given  showing  the  typical  macro-  and 
microstructures  of  these  brasses,  and  the  Table  No.  10  gives 
information  concerning  these.  The  direction  of  the  axis  of  the 
rod  or  of  the  rolling  or  drawing  operation  is  in  all  cases  when 
not  otherwise  noted  vertical  on  the  page. 

The  Figs.  14  to  35  show  the  macrostructures  of  typical  samples 
of  brass.  In  most  cases  the  beta  grains  can  be  seen,  which  vary 
greatly  in  size  and  are  often  elongated  in  the  direction  of  rolling 
(see  Figs.  25,  26,  and  27).  In  other  cases.  Figs.  24,  29,  17,  and 
19,  no  traces  of  these  grains  can  be  noticed.  In  the  case  of  speci- 
men M-19,  Fig.  16,  the  beta  grains  are  fine  elongated  at  the 
center  and  large  polygonal  at  the  edge.  This  illustrates  the  fact 
that  recrystallization  takes  place  more  rapidly  the  greater  the 
deformation  undergone,  which  has  been  greatest  at  the  surface 
in  this  case.  This  is  the  only  case  found  of  such  a  structure, 
except  in  the  upset  bolt  heads,  materials  Nos.  60,  193,  197. 

In  the  case  of  rivet  head  M-ii,  Fig.  15,  the  beta  grains  are 
surrounded  by  an  alpha  envelope;  this  material  has  been  over- 
heated in  forging  and  is  brittle,  the  fracture  following  the  grain 
boundaries.  Such  intercrystalUne  fracturing  or  fissuring  is  very 
rare  except  in  overheated  material  and  was  found  only  in  these 
few  cases  of  the  rivet  heads  M  10  and  1 1  and  in  some  brass  plate 
M-131,  which  had  been  bent  hot  and  evidently  overheated  in  so 
doing.  The  fissures  formed  differed  from  ordinary  season  cracks 
in  that  they  follow  the  crystal  boundaries.  This  is  shown  in 
Fig.  96.  A  careful  study  was  made  of  the  structure  at  the  frac- 
ture or  near  fissures  in  failed  specimens  in  order  to  determine 
what  the  relation  was,  if  any,  between  the  structiu^e  and  the 
fissure  and  to  detect  also  traces  of  overheating.  It  was  claimed, 
for  instance,  that  the  heads  of  the  failed  bolts  from  the  Panama 
Canal  had  been  biu^ned.  In  no  case,  with  the  exception  of  speci- 
mens 10,  II,  and  131,  was  the  fracture  intercrystalUne.  The 
fissures  or  Une  of  fracture  crossed  the  beta  grains  and  the  alpha 
particles  indiscriminately,  often  changing  direction  somewhat  as 
it  passed  from  one  beta  grain  to  the  next,  but  never  seeking  oiit 
the  grain  boundary.  This  is  illustrated  in  Figs.  89  to  96.  This 
fact  is  interesting  in  view  of  the  fact  that  cracking  of  this  type  in 
alpha  brasses,  cartridge  brass,  etc.,  is  almost  universally  inter- 
crystalline. 

With  reference  to  overheating  it  was  found  that  none  of  the 
specimens  except  the  rivets  10  and  11  and  possibly  the  plate  131 
had  been  overheated.     No  traces  of  overheating  were  found  in 
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the  specimens  from  the  Panama  Canal.  It  should  be  pointed 
out  in  this  connection  that  the  term  "burnt"  applies  only  to 
metal  which  has  been  heated  to  incipient  fusion,  such  that  cohe- 
sion between  the  grains  has  been  destroyed.  The  term  is  often 
used  when  "overheated"  is  meant. 

Interesting  are  the  macrostructures  of  the  upset  bolt  heads, 
Figs.  20,  32,  and  34,  which  show  the  effect  of  the  work  done  on 
them  in  initial  deformation  of  structure  and  in  the  recrystalliza- 
tion;  the  latter  is  more  pronounced  at  top  and  sides  than  in  the 
center,  which  is  most  probably  accounted  for  by  the  fact  that  at 
these  points  greater  deformation  has  been  undergone  by  the 
material,  which  has  therefore  recrystallized  here  more  rapidly. 

The  typical  microstructures  of  the  brasses  are  shown  in  Figs. 
36  to  88.  In  many  cases  two  are  given  for  each  specimen,  one 
taken  at  the  center  and  one  at  the  edge  (such  that  the  center  of 
the  figure  is  i  mm  from  the  edge) . 

The  two  types  of  structure  which  were  mentioned  above  are 
illustrated  in  Figs.  45-46,  36-37,  and  69.  These  two  types 
will  be  referred  to  as  the  linear  and  nonlinear  structure,  respec- 
tively. The  former  is  found  in  naval  brass,  Muntz  metal,  and 
similar  compositions,  and  but  rarely  in  manganese  bronze.  An 
example  of  it  in  the  latter  material  is  seen  in  the  case  of  material 
197,  Fig.  82.  The  structure  of  the  manganese  bronzes  is  gener- 
ally nonlinear,  as  in  Figs.  36,  37,  38,  39,  60,  and  61.  This  varies 
from  a  more  or  less  granular  type  (Fig.  42)  to  an  oriented -alpha 
type  (Figs.  36  and  37),  with  clearly  defined  beta  grains. 

The  iron  was,  with  the  exception  of  No.  209,  found  as  fine 
globules  often  arranged  in  rows  parallel  to  the  axis  of  the  rod. 

The  Muntz  metal  and  naval  brass  often  showed  in  plain  extruded 
form  a  nonlinear  structure,  illustrated  in  Figs.  48  and  69.  In  its 
extreme  form  this  is  shown  in  Fig.  96  of  material  No.  131,  in 
which  fracture  was  intercrystalline  and  characteristic  of  over- 
heated material. 

An  interesting  and  rather  unusual  structure  for  commercial 
brasses  is  that  of  material  No.  204,  a  naval  brass,  in  which  the 
so-called  delta  constituent  -"  is  visible.  This  is  shown  in  Figs. 
83  and  84  (light  constituent).  This  constituent  was  very  seldom 
found  in  the  wrought  brasses;  it  was  apparently  present  also  in 
No.  49,  and  possibly  in  No.  199. 

In  three  cases  the  practically  pure  beta  structure  was  found, 
in  Nos.  209-A,  209-B,  and  211.  (See  Fig.  86  of  material  No. 
211.) 

"  S.  It.  Hoyt.  Trans.  Amer.  Inst.  Metals;  1915. 
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An  interesting  type  of  structure  (Fig.  87)  is  that  of  the  threaded 
head  of  U-bolt  235,  in  which  two  generations  of  alpha  are  visible, 
the  groundmass  appearing  much  like  a  eutectoid. 

Considering  those  materials  which  failed  because  of  inherent 
defects,  such  as  the  presence  of  initial  stresses  or  of  incipient 
forging  cracks,  it  can  be  stated  that  the  structure  alone  does 
not  indicate  a  latent  tendency  to  crack  or  fail  in  this  way.  In 
particular,  the  presence  of  initial  stresses  is  not  indicated  by  the 
structure  of  these  brasses.  In  alpha  brass,  on  the  other  hand, 
the  fact  that  a  sample  has  received  a  large  amount  of  cold  work 
without  a  subsequent  anneal,  such  that  the  initial  stresses  are 
high,  may  be  detected  by  the  presence  of  numerous  "etch  bands," 
as  they  have  been  called  by  Matthewson  and  Phillips  ^"  The 
structure  of  a  sample  of  such  a  brass  which  season  cracked  is  shown 
in  Fig.  85. 

One  is  accustomed,  particularly  in  the  case  of  pure  metals,  to 
associate  a  linear  structure  with  initial  stress,  but  the  presence  of 
such  a  structure  in  these  brasses  is,  in  fact,  no  criterion  at  all  of 
the  simultaneous  presence  of  stresses,  as  may  readily  be  seen  by 
reference  to  the  microstructure  and  data  on  initial  stresses  in 
the  case  of  materials  Nos.  83  and  161 .  Material  No.  83  has  a  linear 
structure  and  very  low  stresses,  whereas  No.  161,  with  an  open 
nonlinear  structure,  possesses  very  high  stresses,  and  combinations 
of  this  sort  are  quite  common. 

Only  one  feature  of  structure  has  been  found  which  is  associated 
with  failed  and  not  with  sound  material,  and  that  is  the  occurrence 
of  large  elongated  beta  grains,  shown  in  Figs.  25  to  27.  This 
structure  has  been  found  so  far  only  in  manganese-bronze  lots 
which  have  failed,  and  seems  to  indicate  a  detail  of  manufacture, 
high  temperature,  or  long  period  of  heating  above  the  diagram 
line  bd,  which  is  partially  responsible  at  least  for  the  presence  of 
initial  stress  and  tendency  to  season  crack.  Material  having  such 
a  structure  is  certainly  open  to  suspicion  anyway,  as  one  is  inclined 
to  associate  large  grain  size  and  the  oriented  structure,  which 
always  goes  with  it,  with  brittleness,  particularly  to  alternating 
stresses  or  impact.  These  materials  having  this  structure  do  not, 
however,  show  brittleness  in  the  tensile  test,  as  will  be  seen  by 
comparing  the  physical  properties  of  materials  Nos.  20,  158,  160, 
and  161,  which  possess  this  structure,  to  those  of  Nos.  136,  129, 
and  174,  which  possess  a  finer  structure. 

^'^  C.  H.  Matthewson  and  A.  Phillips.  The  Recrystallization  of  Alpha  Brass  on  Annealine,  Trans.  Amer. 
Inst.  Mining  Engrs.,  &2,  p.  i;  1916. 
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H.  S.  Primrose,  in  discussion,^'  assigns  as  a  reason  for  brittle- 
ness  in  a  manganese  bronze,  as  shown  by  an  elongation  of  only 
8  per  cent  in  2  inches,  the  oriented  structure  of  the  material, 
which  resembles  that  of  material  No.  158.  As  this  latter  material 
has,  however,  an  elongation  of  31  per  cent,  one  can  not  evidently 
definitely  relate  brittleness  with  this  structure. 

It  may  be  remarked  that  there  is  some  reason  to  believe  that 
he  presence  of  the  globules  of  iron  in  such  materials  renders  them 
more  sensitive  to  forging  operations,  and  the  presence  of  such 
particles  may  be  assigned  as  a  contributory  factor  in  the  failure 
of  upset  boltheads  such  as  those  of  the  Panama  Canal.  Bolt 
No.  247  was  particularly  rich  in  such  particles.      (.See  Fig.  88.) 

The  variation  in  structure  from  edge  to  center  was  studied 
from  tlie  standpoint  of  obtaining  an  indication  of  the  \'ariation 
n  work  done  on  the  material  from  edge  to  center,  which  might 
be  related  to  the  value  of  the  initial  stresses.  But  in  material 
No.  85,  possessing  very  small  stresses,  there  is  a  great  variation 
in  this  structure  (Figs.  47  and  48),  whereas  in  No.  160  (Figs.  60 
and  61),  possessing  large  stresses,  the  variation  is  insignificant. 

Unquestionably  an  indication  could  be  obtained  of  the  magni- 
tude of  the  initial  stress  through  the  structure  if  only  one  material 
were  used  and  a  definite  and  uniform  method  of  manufacture 
were  followed,  but  with  so  many  variables  in  the  situation  it  must 
be  admitted  that  the  structure  can  not  be  utilized  flirectly  for  this 
purpose. 

3.  SOME  CORROSION  AND  ACCELERATION  TEST 

The  Heyn  test  with  mercurous  nitrate  was  carried  out  on  sev^eral 

of  the  materials.     This  test  is  by  many  considered  to  giv^e  a  fair 

criterion  of  whether  a  material  will  season  crack,  as  it  has  been 

found  that  most  brasses  which  season  crack  will  crack  within  a 

short  time  in  this  solution.     In  these  tests  the  brass  specimens 

were  immersed  for  four  hours  at  ordinary  temperature  in  a  solution 

containing  65  gr.  of  HgNOj  and  1 5  cc  cone.  HNO3  per  liter.     The 

specimens  were  of  necessity  short  in  most  cases;  that  is,  only  2 

inches  long. 

Specimens 


3* 

40 

83 

'03 

121 

140 

15S* 

n  164 

169* 

21 

54 

85 

109 

124 

142 

160* 

165 

"  170 

33 

57 

92 

116 

129 

153 

161 

166 

171* 

34 

67 

94 

118 

131 

156 

162 

167* 

»  172 

38 

75 

lOI 

120 

136* 

157 

'63 

"168 

173* 
a  174 

*  loinch  specimens  were  also  so  tested,  and  gave  the  same  behavior  as  the  2-inch  one;;. 
"  Joum.  Inst.  Metal,  12,  p.  53;  iqi4. 
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Fig.  13. — Material  Xo.  i6g  after  immersion  in  water  for  two  ueeks 
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Within  this  time  (and  afterwards)  only  the  specimens  marked 
with  an  asterisk,  Nos.  3,  136,  158,  160,  167,  169,  171,  and  173, 
cracked  or  showed  any  sign  of  fissure.  Nos.  158  and  160  con- 
tained, after  the  test,  transverse  cracks  only,  No.  171  one  longi- 
tudinal crack,  and  the  others  both.  These  cracks  appeared 
generally  in  less  than  five  minutes.  From  this  it  appears  that  only 
those  materials  crack  under  the  mercurous-nitrate  acceleration 
test  which  have  at  the  surface  tensional  stresses  above  a  certain 
value,  which  may  provisionally  be  set  at  30  000  pounds  per  square 
inch  for  the  type  of  materials  tested.  Materials  having  compres- 
sion stresses  at  the  surface,  even  when  these  are  large  (No.  164  had 
32  000  pounds  per  square  inch  compression  at  the  surface),  are  not 
affected  in  this  test. 

Furthermore,  three  specimens,  Nos.  140,  142,  and  118,  having 
large  tensional  stresses  at  the  surface,  did  not  fail  under  this  test. 
As  these  were  typical  of  material  which  failed,  one  must  conclude 
that  this  test  is  not  a  sufficient  one ;  material  which  fails  under  the 
test  should  not  be  accepted,  but  not  all  defective  materials  fail 
imder  this  test.  Results  similar  to  the  above  were  found  with 
some  few  tests  with  ammonium  hydroxide,  which  seems  to  act  in 
the  same  way. 

It  was  desired  to  ascertain  what  action  water  alone  would  have 
on  samples  of  these  materials.  A  6  or  8  inch  sample  of  specimens 
136,  164,  and  167  to  175  was  immersed  in  a  large  water  tank  at  the 
Bureau  on  May  8  and  allowed  to  remain  for  about  four  weeks.  It 
may  be  recalled  that  material  No.  167  is  the  same  as  168,  similarly 
169  and  170,  171  and  172,  and  173  and  174,  the  only  difference 
between  the  two  samples  of  the  same  material  in  each  of  the  four 
cases  being  that  the  samples  with  odd  numbers,  Nos.  167,  169,  171, 
and  173,  were  drawn  very  hard,  whereas  the  others  were  given  a 
comparatively  light  draw  to  size  only,  most  of  the  work  of  forming 
having  been  done  by  extrusion.  The  stresses  in  the  former  group 
are  large  and  the  surface  is  in  tension,  whereas  in  the  latter  the 
stresses  are  small  and  the  surface  is  in  compression.  No  external 
stress  was  applied;  nevertheless,  during  this  time  Nos.  169  and  i/i 
developed  longitudinal  cracks,  and  No.  167  both  longitudinal  and 
transverse  ones.  Fig.  13  shows  the  specimen  169.  The  other 
samples  were  not  affected  by  this  treatment  (No.  173  was  lost  and 
no  data  is  available  on  its  behavior  during  this  test) . 

These  tests  are  interesting,  first,  as  indicating  what  a  slight 
impetus  is  necessary  to  cause  failure  in  a  material  which  is  already 
59850—17 4 
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in  a  high  initial  stress,  since  the  surface  corrosion  which  took  place 
in  this  time  was  insignificant.  The  specimens  were  merely  tar- 
nished. During  that  time  specimens  of  the  same  materials  lying 
in  the  shop  did  not  crack. 

4.  HARDNESS  VALUES 

The  cause  of  the  presence  of  initial  stress  is,  as  indicated  above, 
to  be  sought  either  in  the  variation  of  the  rate  of  cooling  of  different 
parts  of  the  article,  or  in  the  differing  degree  to  which  different 
parts  were  deformed  or  worked,  either  hot  or  cold.  It  is  to  be 
expected  that  the  properties  of  the  material  in  the  differently 
treated  layers  would  be  different,  and  Heyn^-  has  shown  that  this 
is  true  of  the  density,  the  elastic  limit,  and  possibly  also  of  the 
ultimate  strength  and  elongation  in  the  tensile  test.  The  density, 
for  instance.  Is  greater  in  the  outer  layer  of  a  cold-drawn  aluminum 
bronze  bar  than  in  the  center  ones. 

Determinations  were  made  of  the  Brinell  hardness  of  several 
samples  of  the  .  brasses  investigated  in  order  to  ascertain  what 
relation,  if  any,  existed  between  the  amount  of  initial  stress  and 
the  amount  of  variation  of  hardness  from  center  to  edge  of  these 
materials.  Transversely  cut  specimens  were  taken  and  one 
impression  made  at  the  center  and  one  or  more  at  about  3  mm  from 
the  edge,  and  the  hardness  numeral  calculated  in  each  case.  The 
results  of  these  tests  are  given  in  Table  3. 

It  is  seen  from  the  table  that  there  is  no  reliable  concordance 
between  the  hardness  values  or  their  variations  and  the  values  of 
the  initial  stresses.  In  general,  the  greater  the  initial  stress  the 
greater  is  the  variation  from  edge  to  center  of  the  hardness 
numeral,  the  latter  being  greater  at  the  edge  (except  in  one  case, 
that  of  No.  205).  But  very  definite  exceptions  to  this  relation 
are  noted.  The  hardness  variation  for  specimens  of  low  initial 
stress  is  from  i  to  2  points,  whereas  that  for  several  specimens 
of  high  initial  stress  is  from  5  to  10  points.  Yet  No.  205,  a  speci- 
men of  low  stresses,  is  softer  by  about  8  points  at  the  center  than 
at  the  edge;  No.  161 ,  of  high  stresses,  has  a  difference  of  only  about 
2  points  in  the  value  of  the  hardness  numeral ;  and  specimens  1 63 
and  186,  of  low  initial  stresses,  have  variations  of  from  8  to  9 
points  in  this  value.  Furthermore  the  Muntz  metal  1 71-172,  as 
finished  hard,  No.  171,  shows  no  variation  from  center  to  edge  cf 
the  hardness,  whereas  the  same  material.  No.  172,  finished  softer, 
has  a  variation  of  14  points. 

"2  Loc.  cit. 
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One  is  forced  to  conclude  that  there  exists  no  possiblity  of 
obtaining  a  reliable  indication  of  the  presence  of  initial  stresses 
in  a  material  through  the  study  of  the  hardness  numeral,  nor 
consequently  of  the  Uability  of  such  a  material  to  season  crack. 

5.  DISCUSSION  OF  RESULTS 

In  attempting  to  relate  the  occurrence  of  failures  among  lots 
of  brass  with  the  properties,  etc.,  of  the  materials  one  is  con- 
fronted by  the  fact  of  the  simultaneous  variation  of  two  main 
factors — for  example,  the  service  stresses  and  the  initial  stresses. 
It  is,  however,  possible  to  divide  the  materials  which  have  been 
in  service  roughly  into  three  classes,  according  to  the  severity  of 
the  service  stresses. 

(i)  Certain  of  the  samples,  comprising  mostly  drawn  material, 
had  season  cracked  in  storage  and  before  the  application  of  any 
service  stress  whatever.  These  were  Nos.  i  to  3,  7,  8,  9,  78, 
131,  160,  161,  167,^^  169,^^  and  211.  The  fissures  were  trans- 
verse— that  is,  to  axis  of  bar  or  rod — in  Nos.  3,  7,  8,  9,  78,  160, 
and  161;  longitudinal  in  No.  2,  spiral  in  Nos.  167  and  169;  and 
they  took  the  form  of  square  checker  work  inclined  45°  to  the 
axis  of  the  bar  in  No.  211,  as  shown  in  Fig.  3.  Reference  to 
Table  5  shows  that,  where  measured,  these  specimens,  with  the 
exception  of  No.  131,  had  tensional  stresses  in  the  outer  layer 
varying  from  26  000  to  83  000  pounds  per  square  inch.  In  all 
cases  in  which  the  proportional  limit  of  these  materials  was  known 
the  stress  value  in  the  outer  layer  was  greater  than  the  propor- 
tional hmit.  Furthermore,  in  each  of  these  cases  the  average 
stress  was  high,  representing  a  large  amount  of  energy  tending  to 
rupture  the  bar.  Failure  in  these  cases  was  undoubtedly  due 
primarily  to  the  presence  of  initial  stress,  and  these  materials 
must  be  considered  defective. 

In  the  case  of  No.  131  the  outer  layer  was  in  severe  compres- 
sion parallel  to  the  cracks  and  to  the  flange  bend  and  in  tension 
at  right  angles  to  the  cracks;  this  tension  stress  was  low  in  value 
such  that  the  initial  stresses  as  measured  can  not  be  considered 
responsible  for  failtne.  The  cracks  occiured  in  the  areas  which 
had  been  bent  by  "  heating  a  part  of  the  plate  in  a  forge  and  bend- 
ing it  over  a  cast-iron  form,  then  heating  and  bending  another 
piece,  and  so  on,  until  the  whole  circumference  was  flanged." 
This  subsequent  forging  operation  is  in  all  probability  responsible 
for  failure  in  this  case;  it  is  probable  that  during  the  rapid  and 

^2  These  cracked  while  lying  in  the  Bureau  shops. 
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unequal  cooling  of  the  flanged  part  initial  stresses  were  intro- 
duced which  are  not  susceptible  of  measurement  in  the  usual 
way.  Such  local  stresses  might  be  set  up  as  a  consequence  of 
unequal  coefficients  of  thermal  expansion  of  the  alpha  and  the 
beta  constituents,  and  might  readily  be  of  a  nature  and  magni- 
tude sufficient  to  start  these  cracks. 

(2)  The  second  class  comprises  those  articles,  mostly  bolts, 
which  failed  in  service  under  moderate  serA'ice  stresses — that  is, 
easily  within  the  proportional  limit  of  the  material.  These  are 
Nos.  69  to  77,  107  to  117,  125,  126,  134,  137  to  139,  140  to  144, 
151,  152,  158,  159,  209,  235,  and  247.  Of  these  Nos.  107  to  117 
and  137  to  139  mav  have  been  subjected  to  service  stresses  as 
high  as  15  000  pounds  per  square  inch;  the  others  to  stresses  of 
lesser  value.  Nos.  69  to  77,  107  to  117,  140  to  144,  158  and  159 
possessed  initial  stresses  of  high  average  values  ranging  from 
9000  to  30  000  pounds  per  square  inch.  Nos.  74  and  116  showed 
compressional  stress  in  the  outer  layer,  whereas  the  others  had 
in  this  layer  high  tensional  stress.  There  is  thus  no  diffi- 
culty in  accounting  for  the  cracking  in  the  case  of  Nos.  140  to 
144,  158  and  159.  The  hook  bolts,  107  to  117,  all  failed  at  the 
bend,  and  it  is  therefore  probable  that  it  was  to  a  high  initial 
bending  stress  that  failure  was  due.  The  cracks  always  started 
from  the  concave  side  of  the  bend  and  Howard  ^*  has  shown  that 
this  side  of  a  brass  bar  bent  cold  is  always  in  tension.  These 
stresses  unfortunately  could  not  be  measured.  No.  74,  represent- 
ing Nos.  69  to  77,  presents  the  interesting  case  of  a  bolt  which 
fractm'ed  in  servnce  under  moderate  load  and  in  which  there  is  a 
large  initial  compressive  stress  in  the  outer  layers  amounting  to 
from  10  000  to  20  000  pounds  per  square  inch.  It  is  impossible 
to  say  whether  failure  started  at  the  surface  or  not;  no  bolts 
have  been  found,  however,  showing  cracks  growing  in  from  the 
surface,  and  it  is  therefore  possible  that  fracture  started  at  the 
center  of  the  bolt  (as  in  a  transverse-fissured  rail),  where  the 
initial  tensional  stress  amounted  to  about  16  000  pounds  per 
square  inch.  This  would  be  contrary,  it  may  be  noted,  to  the 
fact  generally  obser\'ed  that  cracking  of  this  type  extends  inward 
from  the  surface. 

The  initial  stresses  in  No.  125  could  be  measured  onlv  in  a 
direction  parallel  to  the  fissures,  and  in  this  direction  but  mode- 
rate stresses  were  found.  The  authors  believe  that  the  stresses 
in  a  direction  at  right  angles  to  this  would  be  much  more  severe 
and  in  a  reverse  distribution ;  that  is,  with  tension  at  the  surface. 

«  Loc  dt. 
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Thus  it  is  believed  that  the  presence  of  initial  stresses  was  also 
in  these  cases  a  predominating  factor  in  causing  cracking,  and  these 
materials  must  also  be  looked  upon  as  defective  in  the  sense  of 
possessing  too  high  initial  stresses. 

The  other  articles  of  this  class  had  all  received  a  subsequent 
heat  treatment  or  forging  operation,  sometimes  local  in  character; 
the  cracks  always  appeared  in  those  areas  so  treated,  such  that  it 
is  not  to  be  expected  that  the  initial  stresses  as  measured  often 
outside  of  tliese  areas  will  bear  any  relation  to  the  failure.  This  is 
in  fact  true.  The  stresses  when  measured  were  found  to  be  low, 
and  it  is  to  a  consideration  of  the  operations  performed  on  the 
material  subsequent  to  the  passing  of  the  material  out  of  the 
manufacturer's  hands  to  which  one  must  turn  in  quest  of  expla- 
nation of  the  failure. 

The  bolts  137  to  139  were  heated  to  about  600°  C  and  quenched 
in  water.  The  plate  209  had  been  flanged  cold  and  aftenvards 
annealed;  the  structure  showed,  however,  that  the  two  failed 
specimens,  209-B  and  209-C,  had  been  thereupon  cooled  very 
rapidly,  perhaps  quenched,  whereas  the  sample  which  had  not 
failed  gave  no  structural  indication  of  such  severe  treatment. 
Tests  made  by  cooling  samples  of  209-C  at  different  rates  from 
about  750°  C,  and  observing  the  structure  showed  that  209-A  and 
209-B  had  been  cooled  more  rapidly  than  can  be  done  in  a  blast 
of  cold  air,  presumably,  therefore,  quenched  in  water. 

Now  one  of  the  authors  in  connection  with  some  other  work 
had  occasion  to  quench  a  i  -inch  diameter  rod  of  an  alloy,  such  as 
that  of  209,  from  about  650°  to  700°  C  in  order  to  retain  the  pure 
beta  structure.  This  was  found  literally  cracked  to  pieces  after 
such  treatment,  such  that  it  could  be  almost  crumbled  in  the 
hand.  This  indicates  how  sensitive  such  a  material  is  to  drastic 
treatment  of  this  kind. 

Concerning  No.  138,  in  which  only  slight  stresses  were  meas- 
ured, it  is  believed  that  there  may  exist  local  stresses  not  suscept- 
ible of  measurement  in  the  usual  way,  set  up  during  the  rapid 
cooling  of  the  heterogeneous  alloy,  due  to  a  difference  in  the 
coefficient  of  expansion  of  the  constituents  alpha  and  beta.  Some 
preliminary  measurements  of  these  coefficients  made  by  D.  H. 
Sweet  and  L.  W.  Schad,  of  this  Bureau,  would  tend  to  bear  out 
this  view. 

The  fracture  in  the  manganese-bronze  bolts,  235  and  247,  from 
the  Panama  Canal,  occurred  within  areas  forged  or  upset,  namely, 


54  Technologic  Papers  of  the  Bureau  of  Standards 

at  a  forge  bend  and  in  the  upset  threaded  head  of  235  and  at  the 
base  of  the  head  (upset)  in  247,  and  are  undoubtedly  caused  by 
some  improperly  executed  detail  of  this  operation.  Fracture 
occurred  in  both  cases  through  cross  sections  of  greater  area  than 
adjacent  ones  under  the  same  total  stress,  but  M'hich  had  not  been 
affected  by  the  forging  operation. 

One  can  assume  that  local  and  hence  not  readily  determinable 
initial  stresses  were  set  up  during  forging,  which  were  unrelieved 
and  finally  caused  failure.  But  there  is  also  another  and  very 
plausible  explanation;  that  is,  that  invisible  internal  cracks  were 
formed  during  forging,  which  opened  up  when  a  service  stress  was 
applied.  That  such  cracks  are  formed  is  a  fact  well  known  to 
manufacturers  of  manganese  bronze,  and  it  is  also  known  that 
these  materials  have  temperature  zones  in  which  they  are  quite 
brittle,  and  if  work  is  done  on  them  at  these  temperatures,  the 
ductility  is  readily  exhausted  and  cracks  will  appear.  These  may 
be  so  line  as  to  be  almost  invisible;  they  often  do  not  extend  to  the 
surface,  but  make  known  their  presence  only  when  a  stress  is 
applied  which  then  opens  them  up. 

Bengough^"  says,  concerning  the  ductility  of  his  "complex" 
brass,  which  is  somewhat  similar  to  manganese  bronze:  "At  high 
temperatures  the  ductility  of  bars  of  this  alloy  can  not  be  satis- 
factorily measured,  owing  to  the  fact  that  numerous  wide  cracks 
opened  up  in  the  bar.  *  *  *  Xhis  phenomenon  was  also 
observed  at  all  temperatures  above  400°  C,  and  at  700°  C  rendered 
elongation  measurements  useless."  He  found  a  diminution  of 
ductility  in  this  alloy  in  the  neighborhood  of  500°  C. 

The  fractured  end  of  bolt  247  showed  a  second  transverse  crack 
about  ^/i  inch  back  of  the  fracture.  This  material  also  contained 
perhaps  the  largest  proportion  of  iron  present  as  separate  globules, 
undissolved,  that  the  authors  have  yet  seen.  Large  particles  of 
such  iron  were  also  found  during  the  machining  of  specimens, 
which  totally  ruined  the  tool.  Such  particles  of  iron  would  tend 
to  promote  the  formation  of  such  forging  cracks. 

In  these  latter  cases  the  fault  can  not  be  put  upon  the  material, 
but  more  justly  to  the  operation  of  forging,  done  perhaps  by  per- 
sons inexperienced  in  the  handling  of  this  material.  As  an  illus- 
tration of  this  it  is  noted  that  the  firm  Q  which  carried  out  the 
flanging  work  on  No.  131  are  machinists  and  founders,  manufac- 
turing sugar-refining  machinery,  and  the  rivets  10,  11,  132,  "were 

3='  G.  D.  Bengough,  A  Study  of  the  Properties  of  Alloys  at  High  Temperatures,  Journal  of  the  Institute 
of  Metals,  7«  p.  123;  1913. 


Failure  of  Brass  55 

driven  by  an  experienced  boiler  maker."  There  is  no  doubt  of  the 
danger  of  entrusting  such  work  to  men  experienced  only  in  steel 
working. 

(3)  The  third  class  comprises  several  lots  of  manganese-b- onze 
bolts,  used  in  making  up  flange  joints,  in  which  there  is  some  doubt 
as  to  the  magnitude  of  the  service  stress  introduced  by  drawing  the 
bolts  up  tight.  The  opinion  is  expressed  by  the  engineers  familiar 
with  the  work  that  all  of  the  stud  bolts  20  to  39,  40  to  48,  and  189 
to  192,  and  many  of  the  hexagon  head  bolts  49  to  68  and  193  to 
194,  were  drawn  up  above  the  elastic  limit  of  the  material,  an 
approximate  estimate  of  1 5  000  pounds  per  square  inch  having 
been  assigned  to  this  stress.  Most  unfortunately,  from  the  stand- 
point of  attempting  to  draw  conclusions  from  the  investigation  of 
these  bolts,  this  opinion  is  not  borne  out  in  the  case  at  least  of  Nos. 
20  to  39  by  a  study  of  the  initial  stresses  in  the  bolts  which  have 
failed. 

When  such  a  bolt  containing  high  initial  stresses  is  stretched  as  a 
bolt  above  the  elastic  limit  of  the  material,  the  value  of  the  initial 
stresses  must  be  diminished — the  initial  stress  diagram  flattened 
out;  upon  applying,  for  example,  a  tensional  stress  of  40 000  pounds 
per  square  inch  (the  value  of  the  proportional  limit)  to  the  specimen 
1 64,  the  center  portion  will  be  under  a  stress  of  about  53  000  pounds 
per  square  inch  and  must  yield,  whereas  the  outer  portions  will  be 
in  tension  varying  from  30000  to  10000  pounds  per  square  inch 
and  can  not  yield.  Thus  upon  removing  the  applied  stress  the 
difference  between  the  maximum  tension  and  the  maximum  com- 
pression, taken  algebraically,  must  be  less  by  about  13  000  pounds 
than  originally.  This  was  actually  done  in  the  case  of  specimen 
1 64.  After  removal  of  the  stress  of  40  000  pounds  per  square  inch 
the  average  stress  had  fallen  from  1 2  000  pounds  per  square  inch 
to  about  5000  pounds  per  square  inch.  There  is  the  possibility 
that  in  these  thick,  short  bolts  the  bolting  stress  may  itself  have 
been  very  nonuniform,  the  load  having  been  carried  mostly  at  the 
periphery.  In  that  case  such  a  distribution  of  stresses  as  has  been 
found  in  such  bolts  might  have  been  preserved  or  even  intensified 
upon  drawing  up  above  the  elastic  limit. 

Bolts,  lot  20  to  39  and  lot  189  to  192,  we'e  similar  and  had  been 
subjected  to  the  same  service.  Eighty-three  per  cent  of  the  first 
lot  failed,  none  of  the  second.  The  initial  stresses  were  high,  about 
1 5  000  pounds  per  square  inch  in  average  value  in  the  first  lot  and 
low,  about  7700  pounds  per  square  inch,  in  the  second.  The 
fissures  started  from  the  surface  at  the  base  of  the  thread  and  ex- 
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tended  inward,  although  the  outer  layers  were  in  initial  compres- 
sion, amounting  at  the  base  of  the  thread  to  15000  pounds  per 
square  inch  in  the  case  of  No.  32.  None  of  bolts  40  to  48  had  failed, 
although  about  16  per  cent  of  the  lot  which  they  represent  did. 
The  average  stresses  are  low,  4000  to  5000  pounds  per  square  inch 
in  these  specimens. 

The  only  hexagon-head  bolt,  lot  49  to  68,  which  failed  in  the 
body  of  the  bolt,  not  immediately  adjacent  to  the  forged  head,  was 
No.  67,  and  in  this  case  the  outer  layer  was  under  an  initial  tension 
of  1 2  000  pounds  per  square  inch.  The  other  bolts  of  this  lot 
showed  low  initial  stresses  and  the  fracture  took  place  at  the  base 
of  the  thread  or  at  the  shoulder  of  the  head.  In  the  former  cases 
one  must  assume  that  the  service  overstress  was  responsible  for 
failure,  whereas  in  the  latter,  since  the  cross-sectional  areas  at  the 
fracture  were  greater  than  at  sections  through  the  threaded  portion 
of  the  bolt,  one  may  conclude  again  that  the  forging  of  the  heads 
was  not  correctly  done. 

A  great  deal  of  material  has  been  examined  which  has  not 
failed,  although  it  has  nevertheless  been  in  service  under  varying 
severe  conditions.  Such  materials  as  have  been  indicated  above 
do  not  differ  markedly  or  consistently  in  their  physical  properties 
or  structure  from  that  which  has  failed.  The  initial  stresses  are, 
however,  in  general,  found  to  be  lower  in  magnitude  than  in  the 
case  of  the  latter.  As  instances  of  such  material  may  be  cited 
Nos.  41  and  43,  181  to  183,  184,  185  to  188,  189  to  192,  193  to 
_  200,  244,  and  245.  Of  these,  Nos.  184,  244,  and  245  have  been 
subjected  to  small  service  stresses;  Nos.  181  to  183,  185  to  188, 
and  193  to  200  to  moderate  service  stresses;  and  Nos.  40  to  48 
and  189  to  193  to  severe  service  stresses.  The  average  of  the 
average  initial  stress  in  these  samples  is  something  less  than  5000 
pounds  per  square  inch. 

Furthermore,  the  experience  on  the  Minneapolis  filter  plant 
with  bolts  and  strainer  plate,  which  have  been  thoroughly 
annealed,  and  thus  reHeved  of  initial  stresses,  is  of  the  greatest 
value,  since  under  the  identical  service  conditions  under  which  20 
per  cent  of  the  similar,  but  unannealed,  materials  failed  within  30 
days,  after  o\'er  one  year,  now  absolutely  no  breakages  have 
occurred. 

The  next  question  that  arises  is  that  of  the  manner  in  which 
such  failures  as  have  been  described  may  be  prevented.  It  has 
been  seen  that  there  are  several  factors  which  may  cause  failure 
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of  the  general  type  in  question,  and  for  each  of  these  factors  a 
separate  safeguard  is  needed. 

A  number  of  failures  have  resulted  from  improper  forging 
operations  and  heat  treatment  undertaken  by  persons  not  wholly 
familiar  with  the  properties  of  the  material.  This  has  occurred 
mainly  with  manganese  bronze  (with  the  exception  of  some  naval 
brass  plate,  rivets,  and  bolts).  There  has  resulted  from  the  forg- 
ing of  good  material,  in  most  cases,  either  a  highly  stressed  con- 
dition within  the  forged  area,  or  fine  internal  cracks  have  been 
formed  which  have  afterwards  opened  up  under  stress.  The 
obvious  remedy  for  this  is  to  intrust  such  operations  only  to  men 
familiar  with  this  material  and  its  extreme  sensitiveness  to  forg- 
ing operations  at  certain  temperatm^es. 

A  number  of  failures  have  occurred  in  satisfactory  material 
(bolts)  as  a  result  of  overstressing  in  service.  This  opens  up  at 
once  a  large  field  for  investigation  into  the  question  as  to  what 
are  the  safe  working  stresses  for  various  60:40  brasses  and  just 
how  much  they  will  stand  abuse  of  the  sort  that  does  not  appar- 
ently harm  steel.  This  is  a  question,  the  answer  to  which  must  be 
reserved  for  future  work  to  present;  work  has  already  been 
started  along  this  line  at  this  Bureau.  Ernst  Jonson  ^°  has 
already  given  a  valuable  contribution  to  the  solution  of  this 
question  in  his  work  on  the  failure  of  brasses  exposed  to  the 
action  of  concentrated  ammonium  hydroxide  while  under  stress. 
He  comes  to  the  conclusion  that  any  brass,  irrespective  of  initial- 
stress  distribution,  will  fail  in  this  way  when  the  stress  value  is 
kept  for  a  few  days  or  weeks  at  or  just  above  the  elastic  (or  pro- 
portional) limit,  and  his  results,  including  tests  made  on  an 
initial-stress  free  sample.  No.  136,  annealed,  and  on  one  with 
large  compressional  stress  at  the  surface.  No.  164,  amply  bear 
out  his  conslusion.  He  then  cajries  this  conclusion  over  to  actual 
service  conditions  in  which  corrosion  is  by  air  and  water  instead 
of  by  ammonia,  and  states  that  again  the  true  elastic  limit  is  the 
highest  stress  which  such  a  material  will  stand  in  tension,  accom- 
panied by  corrosion.  The  authors  have  in  mind  failures  which 
have  occurred  in  bumed-in  and  other  castings,  which  would  lead 
them  to  agree  with  this  conclusion  also;  but  only  a  full  investi- 
gation can  definitely  decide  this  point,  and  not  until  such  investi- 
gation has  been  made  can  the  designing  engineer  know  definitely 
what  he  may  expect  of  such  materials.  Until  then  it  would  seem 
that  the  history  of  materials  such  as  40  to  48,  181  to  200,  244  to 

"  Loc.  cit. 
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245,  and  that  of  the  annealed  bolts  of  the  Minneapolis  filtration 
plant  would  give  assurance  that,  provided  the  material  is  free 
from  initial  stresses,  these  materials  can  be  designed  with  entire 
safety  to  carry  loads  of  about  5000  pounds  per  square  inch,  pos- 
sibly even  10  000  pounds  per  square  inch,  provided  the  true 
elastic  limit  is  definitely  above  this  value. 

Finally,  a  large  percentage  of  the  failures  described  were  due 
wholly  or  in  part  to  the  presence  of  initial  stress,  as  measured. 
These  stresses  ^re  introduced  by  those  processes  w^hich  give  a 
brass  article  "work-hardness,"  and  manufacturers  claim  that 
when  one  obtains  such  highly  stressed  material  it  is  generally 
the  result  of  an  attempt  on  the  buyer's  part  to  set  the  physical 
specifications  for  tensile  strength  and  yield  point  too  high,  with 
the  result  that  the  specification  can  only  be  met  with  initially 
highly  stressed  material. 

The  question  of  safeguarding  oneself  against  obtaining  such 
defective  material  is  a  manifold  one.  One  can  most  easily  obtain 
stress-free  material  by  specifying  that  it  receive  a  sufficient  final 
anneal  (one  hour  at  from  400°  to  550°  C).  By  such  treatment  the 
initial  stresses  are  almost  wholly  removed,  and  when  a  high  value 
for  the  elastic  Hmit  is  not  required  this  is  the  only  rational  method 
to  use.  Indeed,  if  the  anneaUng  be  done  at  not  above  400°  C,  the 
material  may  still  possess  a  high  elastic  Umit  as  was  shown  in  He. 
If  this  be  not  done,  or  in  case  assurance  is  wanted  that  it  has  been 
done,  recourse  must  be  taken  to  a  direct  measm'ement  of  the  initial 
stresses  as  described  above.  The  question  then  arises,  what  are 
the  limiting  safe  values  for  initial  stresses  ?  To  such  a  question  no 
general  replv  can  be  given;  the  values  of  the  initial  stresses,  which 
may  be  allowed  in  such  materials,  are  dependent  in  any  particular 
case  upon  external  conditions  and  the  physical  properties  of  the 
materials.  The  authors  are  of  the  opinion  (i)  that  it  is  dangerous 
to  use  any  brass  in  which  the  tensional  stress  at  the  surface  is 
nearly  equal  to  the  elastic  Umit ;  (2)  that  failure  may  occur  when- 
ever the  sum  of  the  initial  stress  and  the  load  stress  in  any  layer  is 
greater  than  the  elastic  limit  of  the  material  of  that  layer,  particu- 
larly in  the  surface  layer.  Assuming  then  a  case  in  which  an 
average  manganese  bronze  is  used,  with  a  proportional  limit  of  from 
1 5  000  to  20  000  pounds  per  square  inch  and  in  which  the  service 
stresses,  accompanied  by  moderate  corrosion,  amount  to  from 
5000  to  10  000  pounds  per  square  inch,  and  bearing  in  mind  that 
the  average  initial  stress  is  the  value  most  readily  measured,  one 
may  conclude  that  an  average  initial  stress  value  of  5000  pounds 
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per  square  inch  is  a  safe  one;  with  this  value  no  layer  would,  except 
with  unusual  initial  stress  distribution,  be  subjected  to  a  tensional 
stress  above  its  proportional  limit. 

This  value  probably  errs  on  the  safe  side ;  it  is  probable  that  under 
certain  circumstances  higher  stresses  might  be  allowed  without 
danger.  It  agrees,  however,  very  well  with  those  average  values 
in  materials,  which  have  been  in  service  and  have  not  failed 
(under  all  but  overload  stresses),  and  may,  it  is  believed,  safely  be 
accepted  as  a  conservative  upper  average  initial  stress  limit. 

This  value  also  appears  to  agree  well  with  the  experience  of 
manufacturers.  The  latter  appear  to  have,  generally  speaking,  a 
pretty  definite  knowledge  of  the  upper  limit  of  physical  properties 
(ultimate  strength  and  elastic  Hmit)  to  which  they  may  go  with 
safety  with  their  various  materials,  and  beyond  which  the  material 
is  in  danger  of  season  cracking  when  exposed  to  corrosion.  Now, 
in  many  cases,  as  indicated  above,  manufacturers  were  requested 
to  furnish  material  possessing  the  greatest  hardness  which,  in  their 
opinion  and  experience,  was  still  consistent  with  freedom  from 
danger  from  season  cracking.  Samples  wliich  were  sent  in  answer 
to  this  request,  and  which  represent,  as  far  as  physical  and  other 
properties  are  concerned,  what  might  be  called  the  optimum 
manufacturing  practice  in  these  brasses,  are  Nos.  203  and  205.'' 

Materials  Nos.  165,  166,  168,  170,  172,  and  174  were  sent  in 
answer  to  a  request  for  samples  of  material  such  as  the  manu- 
facturer would  furnish  for  his  highest  specification  contracts. 
This  request  involves,  although  less  directly,  the  same  idea, 
namely,  that  this  material  is  supposed  to  be  the  hardest  that  the 
manufacturer  recommends  in  consideration  of  the  danger  from 
cracking.  It  is  now  noted  that,  with  two  exceptions,  Nos.  165  and 
166,  both  from  the  same  manufacturer,  the  values  of  the  average 
initial  stresses  in  these  brasses  are  lower  than  6000  pounds  per 
square  inch,  and  range  approximately  from  3000  to  6000  pounds 
per  square  inch.  This  concordance  seems  to  be  an  independent 
corroboration  of  the  authors'  results,  which  is  based  upon  the  large 
experience  of  the  producers  of  brass  themselves,  and  gives  this 
value  a  somewhat  more  general  significance. 

"  The  manufacturer  specifically  stated  in  regard  to  these  materials  that  in  his  opinion  the  latter  possessed 
the  highest  ultimate  strength  and  elastic  limit  in  tension  (for  this  type  of  material  as  manufactured  by  bim) 
which  were  consistent  with  safety. 
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TABLE  8 

Correlation  of  Tensile  Strength  and  Average  Initial   Stress  in  Manganese  Bronze 

1  Inch  Rods  " 


B.  S.  No. 

UKlmate  tensile 

Chemical  analysis 

strength 

Coppei 

Zinc 

Tin 

Iron 

173 

Ibs./in.: 
100  000 
84  000 
84  000 
79  000 
77  000 
72  000 
70  000 

61  000 

62  000 
72  000 

kg./cm.2 
7030 
5920 
5920 
5560 
5420 
5070 
4940 
4300 
4360 
5070 

Per  cent 

57 
59 
57 
59 
57 
59 
60 
57 
57 
58 

Per  cent 

40 
40 
40 
39 
41 
39 
39 
41 
41 
40 

Per  cent 

1.6 
.4 

1.6 
9 

1.0 
.8 
.8 
.9 

1.0 
.7 

Per  cent 
1.3 
1.0 
1.2 
1.0 
.6 
.7 
.5 
1.0 
1.5 
.7 

Ibs./in.> 

37  000 

5000 

3000 

15  000 

6000 

22  000 

25  000 

30  000 

8000 

5000 

kg./cm.> 
2600 

205 

350 

174 

210 

129 

1050 

175 

420 

136 

1550 

3 

160 

189 

6 

1760 
2110 
560 
350 

«  Round  numbers  are  given  here  for  the  sake  of  convenience  in  comparing  values. 
6  This  data  is  an  average  of  a  lot  including  Nos.  49.  5o.  54.  63.  67.  and  6S. 

TABLE  9 


Physical  Properties  and  Initial  Stresses  in  the  Best  Brasses  Tested  <■ 

Initial  stress 

Physical  properties  in  tension 

B.S.No. 

Average 

Mazimum 

Ultimate 
strength 

Proportional 
limit 

Elon-     ne- 
gation   duc- 
in  2    1  tion  of 
inches    area 

Kind  oi 

material 

Ibs./in.  2 

kg/cm' 

Ibs./in. : 

kg/cm= 

Ibs./in.  = 

kg /cm=  Ibs./in.  - 

kg/cmJ 

P.  ct.    P.  ct. 

174 

3000 

210 

9000 

630 

84  000 

5910     36  000 

2530 

22  '        20 

Manganese 

bronze. 

205 

5000 

350 

9000 

630 

85  000 

5980 

52  000 

3660 

22           41 

Do. 

175 

6000 

420 

9000 

630 

77  000 

5420 

26  000 

1830 

27  ;        27 

Do. 

85 

1000 

70 

2000 

140 

61  000 

4290  ]  16  000 

1120 

47  i        51 

Naval  brass. 

170 

7000 
5000 

490 
350 

12  000 
9000 

840 
630 

68  000 
71  000 

4800     43  000 
5000     44  000 

3020 
3100 

31           47 
31           57 

Do. 

203 

Do. 

164 

12  000 

840 

33  000 

2320 

72  000 

5060 

40  000 

2810 

16  1         50 

Muntz  metal. 

172 

4000 

280 

11  000 

770 

64  000 

4500 

36  000 

2540 

40           50 

Do. 

o  Values  are  given  in  round  numbers. 

It  was  hoped  that  the  tests  made  of  these  various  materials, 
particularly  those  furnished  directly  hy  the  manufacturers,  would 
bring  out  some  rough  parallelism  bet\\'een  initial  stresses  and 
hardness  for  a  given  material,  such  a  relation  as  would  give  some 
indication  as  to  what  properties  one  might  reasonably  demand  of 
such  materials.  This  has  not  been  true,  however;  no  such  rela- 
tion can  be  deduced,  as  is  clearly  shown  from  Table  8.  All  that 
can  be  done  is  to  draw  attention  to  certain  examples  as  indicating 
what  is  possible. 
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It  is  apparently  possible  to  obtain  commercially  physical  prop- 
erties, including  hardness,  in  all  of  these  materials  sufficient  to 
meet  not  only  the  New  York  Board  of  Water  Supply  specifica- 
tions, but  many  others  given  in  the  Appendix,  page  63,  and  in 
conjunction  with  low  values  of  the  initial  stress.  An  idea  of  what 
may  be  obtained  in  these  materials  can  be  had  from  Tables  8  and  9. 

One  wonders,  after  consideration  of  specimens  205  and  175 
with  elastic  limits  of  52  000  and  76  000  pounds  per  square  inch 
and  average  initial  stresses  of  5000  and  6000  pounds  per  square 
inch,  respectively,  why  a  specimen,  such  as  160  of  the  same  mate- 
rial, with  an  elastic  limit  of  only  14  000  pounds  per  square  inch 
should  have  an  average  initial  stress  of  30  000  pounds  per  square 
inch.  It  is  evident  that  the  low  values  of  the  hardness  and  of 
the  ultimate  strength  and  elastic  limit  in  tension  give  no  assur- 
ance that  the  material  is  not  at  the  same  time  highly  initially 
stressed. 

III.  CONCLUSION 

1 .  The  results  of  the  investigation  have  thus  far  shown  that  the 
failures  occurring  in  the  construction  of  the  Catskill  Aqueduct,  in 
the  Minneapolis  Filtration  Plant,  and  on  the  Panama  Canal,  in 
wrought-brass  materials  of  the  type  60:40,  have  been  due  (a)  to 
the  presence  of  initial  stresses,  either  alone  or  in  conjunction  with 
external  load;  (b)  to  faulty  practice  in  forging  bolt  heads,  flanging 
plate,  etc. ;  and  (c)  to  oversti'ess  in  service  caused  by  drawing  bolts 
up  too  tightly.  These  failures  were  thus  partly  due  to  defects  in 
material,  but  must  be  ascribed  in  part  to  service  abuse. 

2.  These  materials,  speaking  broadly,  should,  when  sound  and 
comparatively  free  from  initial  stresses,  support  service  stresses  of 
5000,  or  perhaps  even  up  to  10  000  pounds  per  square  inch  without 
failing.  If,  however,  there  are  present  also  initial  stresses,  there 
may  be  said  to  exist  the  possibility  of  cracking  whenever  the  sum 
of  the  service  tensional  stress  and  the  "initial  tensional  stress  in  any 
layer,  but  particularly  the  outer  layer  exposed  to  corrosion,  is 
greater  than  the  proportional  or  elastic  limit  of  the  material  in  that 
layer.  If,  in  the  extreme  case,  the  initial  tensional  stress  in  the 
outer  layer  is,  itself,  greater  than  the  elastic  limit,  failure  will  take 
place  before  the  application  of  any  external  stress;  that  is,  the 
material  will  season  crack. 

3.  There  is  thus  no  definite  value  which  may  be  assigned  as  a 
safe  limit  for  initial  stresses  in  such  materials,  for  each  case  must 
be  a  law  unto  itself.  However,  assuming  the  average  grade  of  mate- 
rial and  the  ordinary  service  stresses  (tension)  of  about  5000  pounds 
per  square  inch,  a  value  of  5000  poimds  per  square  inch  may  be 
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assigned  as  a  conser^'ative  limit  for  the  allowable  average  initial 
stress;  this  refers  particularly  of  course  to  rods.  This  value 
accords  well  (a)  with  such  stress  values  found  in  materials  which 
have  given  good  service,  and  (b)  with  stress  values  found  in  rods 
furnished  by  manufacturers  as  representing  the  hardest  material 
which  could  be  guaranteed  against  cracking. 

4.  One-inch  diameter  rods  of  various  60:40  mixtures  manu- 
factured to  meet  high  physical  specifications  have  contained 
average  initial  stresses  averaging  about  5000  to  6000  pounds  per 
square  inch. 

5.  Too  few  samples  have  been  investigated  to  allow  of  any 
definite  conclusion  as  to  how  high  specifications  may  be  set  for 
these  materials,  without  undergoing  danger  that  the  product 
obtained  may  be  too  highh-  initially  stressed.  It  seems,  however, 
that  it  is  possible  to  obtain  ultimate  strengths  of  70  000  to  75  000 
pounds  per  square  inch  for  a  manganese  bronze,  those  of  65  000  to 
70  000  pounds  per  square  inch  for  naval  brass,  and  from  60  000  to 
55  000  poimds  per  square  inch  in  Muntz  metal,  associated  with 
initial  stresses  of  sufficiently  moderate  value.  Just  how  much  higher 
one  may  go  consistently  is  a  question  that  can  not  yet  be  decided ; 
that  these  materials  can,  with  perhaps  special  treatment,  be  made 
with  much  higher  ultimate  strength  is  shown.  It  may  be  noted 
that  the  values  given  are  not  to  be  accepted  necessarily  as  normal 
ones;  i.  e.,  to  be  specified  by  the  engineer.  In  setting  specifications 
the  leeway  necessary  to  the  manufacturer  must  not  be  neglected. 

6.  The  surest  convenient  method  of  ascertaining  the  approxi- 
mate average  value  of  the  initial  stresses  in  bars  is  by  the  Howard- 
He}"n  elongation  method,  in  which  a  strain  gage  may  be  used  and 
heavy  layers  removed. 

The  authors  take  this  opportunity  of  expressing  their  apprecia- 
tion to  the  many  who  have  aided  in  this  investigation.  Dr.  G.  K. 
Burgess,  at  whose  direction  the  work  was  carried  out  has  been  ever 
ready  with  helpful  comment  and  suggestion.  R.  P.  Devries  and 
E.  L.  Lasier  have  carried  out  the  tensile  and  the  Brinell  hardness 
tests;  A.  B.  Lort  has  made  the  chemical  analyses.  The  materials 
and  information  concerning  them  have  been  furnished  through  the 
kindness  of  the  New  York  Board  of  Water  Supply,  of  the  engineer's 
department  of  the  city  of  Minneapolis,  of  the  United  States  Navy 
Department,  of  the  Panama  Canal  administration,  and  of  many 
manufacturers.  Helpful  suggestions  have  been  given  by  J.  R. 
Freeman,  A.  D.  Flmn,  W.  H.  Bassett,  E.  Jonson,  S.  W.  Miller,  and 
many  others. 

Washington,  July  7,  191 6. 


Appendix.— SPECIFICATIONS  FOR  WROUGHT  BRASS 
1.  U.  S.  NAVY  SPECIFICATIONS 

(0)  MANGANESE  BRONZE  (46B15,  APR.  1,  1914) 

Manganese  Bronze,  Rolled,  or  Composition  Mn-r 

General  Instructions 

1.  General  Instructions  or  Specifications  issued  by  tlie  Bureau  concerned  shall  form 
part  of  these  specifications. 

Scrap 

2.  Scrap  shall  not  be  used  in  the  manufacture,  except  such  as  may  accumulate  in  the 
manufacturers'  plant  from  material  of  the  same  composition  of  their  own  make. 
Chemical  and  Physical  Requirements 

3.  The  chemical  and  physical  requirements  shall  be  as  follows: 


Mini-    1 

Diameter 

Mini- 
mum 
tensile 

Mini- 
mum 
yield 

mum 

ot 
elonga- 
tion 
in  2 

Copper 

Tin 

Zhic 

Iron 

Lead 

(maii- 

Man- 
ganese 
(maxi- 

strength 

point 

mum) 

inches 

lbs./in.2 

lbs.  in.! 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

1  inch  and  below.  - . 
Above  1  inch 

72  000 
70  000 

36  000 
35  000 

30 

57-60 

0.  5-1.  5 

40-37 

0.  8-2.  0 

0.2 

0.3 

4.  The  material  must  not  contain  more  than  O.I  of  i  per  cent  of  all  elements  in  addi- 
tion to  those  allowed  in  the  table  above. 

Additional  Tests 

5.  Bars  must  stand:  (a)  Being  hammered  hot  to  a  fine  point;  (6)  being  bent  cold 
through  an  angle  of  120°  and  to  a  radius  equal  to  the  diameter  or  thickness  of  the  test 
bar. 

The  bending  test  bar  may  be  the  full-size  bar,  or  the  standard  bar  of  i  inch  width  and 
one-half  inch  thickness.     In  the  case  of  bending  test  pieces  of  rectangular  section,  the 
edges  may  be  rounded  off  to  a  radius  equal  to  one-fourth  of  the  thickness. 
Surface  Inspection 

6.  Material  must  be  free  from  cracks  and  all  other  injurious  defects,  clean,  smooth, 
and  must  lie  straight.  All  bars  to  be  clean  and  straight,  of  uniform  quality,  size,  and 
color.     *     *     * 

Fracture 

8.  The  color  of  the  fracture  section  of  test  pieces  and  the  grain  of  the  material  must 
be  uniform  throughout. 

Purposes  For  Which  Used 

q.  Rolled  round  rods  requiring  great  strength  where  subject  to  corrosion  and  salt 
water — 

Valves  stems,  etc. 

Propeller  blade  bolts,  air  pump  and  condenser  bolts,  and  parts  requiring  strength 
and  incorrodibility. 
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(b)  NAVAL  BRASS  (46B6b,  MAY  1,  1915) 

Rolled  Naval  Brass,  or  Composition  N-r,  Bars,  Shapes,  Sheets,  Plates,  and 

Rods 
General  Instructions 

1.  General  Specifications  for  the  Inspection  of  Material,  issued  by  the  Navy  Depart- 
ment, in  effect  at  date  of  opening  of  bids,  shall  form  part  of  these  specifications. 

Scrap 

2.  Scrap  will  not  be  used  in  the  manufacture,  except  such  as  may  accumulate  in  the 
manufacturers'  plants  from  material  of  the  same  composition  of  their  own  make. 

Chemical  and  Physical  Properties 

3.  The  chemical  and  physical  requirements  shall  be  as  follows: 


Copper 

Tin 

Zinc 

IroDi 
mmimiim 

Lead, 

tnflTinnifn 

Per  cent 

59-63 

Per  cent 

0.15-1.5 

Per  cent 
Rem. 

Per  cent 
0.06 

Per  cent 
0.2 

Rods  (diameter): 

Otojinch 

Over  j  to  1  inch 

Over  1  inch 

Shapes:  All 

Plates: 

0  to  j  inch  up  to  30  Inches  width. 

0  to  j  inch  above  30  inches  width 

Over  }  inch  thick 


Minim  iim 
tensile 
strength 


Ib8./in.> 
60  000 
58  000 
54  000 
60  000 

56  000 
54  000 
56  000 


Minimum 
yield 
point 


lbs./ln.> 

27  000 

26  000 

25  000 

27  000 

28  000 
27  000 

26  000 


Minimum 
elongation 
in  2  inches 


Per  cent 
35 
40 

40 
30 

30 
35 
35 


Bend,  120°  cold 


(Radius   equals   thick- 
ness. 


Do. 
Do. 
Do. 


Test  Pieces 

4.  Test  pieces  for  rounds  and  bars  will  be  as  nearly  as  possible  of  the  same  diameter 
as  the  rounds,  or  else  they  are  not  to  be  less  than  one-half  inch  diameter  and  taken  at 
a  distance  from  the  circumference  equal  to  one-half  the  radius  of  the  rounds. 

Test  pieces  from  plates  and  shapes  will  be  of  the  2-inch  standard  size  specified  as 
given  in  the  "General  Specifications  for  Inspection  of  Material." 

Bending  test  bar  may  be  the  full-size  bar  or  the  standard  bar  of  i  inch  width  and 
J^  inch  thickness.  In  the  case  of  bending  test  pieces  of  rectangular  section  the  edges 
may  be  rounded  off  to  a  radius  equal  to  one-fourth  of  the  thickness. 

Surface  Inspection 

5.  Material  must  be  free  from  all  injurious  defects,  clean,  straight,  smooth,  must 
lie  flat,  be  of  uniform  color,  quality,  and  size,  and  be  within  the  gauge  and  weight 
tolerances.     *    *    * 

Proprietary  Materials 

8.  Various  composition  materials,  otherwise  conforming  to  the  specifications  but 
manufactured  under  proprietarj-  processes  or  having  proprietary  names,  may  be  sub- 
mitted in  bids  for  consideration  of  the  bureau  concerned. 

Tolerances 

9.  No  excess  weight  will  be  paid  for  and  no  single  piece  that  weighs  more  than  5 
per  cent  above  the  calculated  weight  will  be  accepted. 
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Underweight  and  Gauge  Tolerances  (Width  of  Sheets  or  Plates) 


Under  48 
inches 

48  to  60 
inches 

Over  60 
inches 

S  per  cent. 

7  per  cent. 

8  per  cent 

Plates  and  sheets  shall  not  vary  throughout  their  length  or  width  more  than  the 
given  tolerance. 

Fracture 

lo.  The  color  of  the  fractxire  section  of  test  pieces  and  the  grain  of  the  material 
must  be  uniform  throughout. 

Purposes  For  Which  Used 

n.  The  material  is  suitable  for  the  following  piu-pose,  especially  if  subject  to  corro- 
sion as  by  salt  water;  Bolts,  studs,  nuts,  and  turnbuckles;  rolled  rounds,  used  princi- 
pally for  propeller  blade  bolts,  air  pump  and  condenser  bolts  and  parts  requiring 
strength  and  incorrodibility,  and  pump  rods,  tube  sheets,  supporting  plates,  and 
shafts  for  valves  in  water  heads. 

2.  NEW  YORK  BOARD  OF  WATER  SUPPLY 

The  following  specifications  were  used  just  previous  to  the  discoverj-  of  cracking  in 
a  large  amount  of  the  brasses: 

(a)  The  minimum  physical  properties  of  bronze  shall,  except  as  otherwise  specified, 
be  as  follows: 

Castings : 

Ultimate  tensile  strength 65  000  pounds  per  square  inch, 

Yield  point 32  000  pounds  per  square  inch. 

Elongation 25  per  cent. 

Rolled  material,  thickness  i  inch  and  below: 

Ultimate  strength 72  000  pounds  per  square  inch , 

Yield  point 36  000  pounds  per  square  inch. 

Elongation 28  per  cent. 

Rolled  material,  thickness  above  i  inch: 

Ultimate  strength 70  000  pounds  per  square  inch. 

Yield  point 35  000  pounds  per  square  inch. 

Elongation! 28  per  cent. 

After  being  forged  into  a  bar,  rolled  or  forged  bronze  shall  stand  first,  hammering 
hot  to  a  fine  point;  second,  bending  cold  through  an  angle  of  120^  to  a  radius  equal  to 
the  thickness  of  the  bar.     *     *     * 

Tensile  strength  of  brass  rivet  rods  shall  be  not  less  than  55  000  pounds  per  square 
inch. 

Yield  point  not  less  than  30  000  pounds  per  square  inch. 

Elongation  not  less  than  20  per  cent. 

The  follo'wing  specifications  were  used  after  the  discovery  of  cracking  (1914): 

(6)  Whenever  the  characteristics  of  any  bronze  or  other  material  are  not  particularly 
specified,  such  approved  material  shall  be  used  as  is  customary  in  first-class  work  of  the 
nature  for  which  the  material  is  employed. 
59850—17 5 
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The  minimum  physical  properties  of  bronze  shall,  except  as  otherwise  specified,  be 
as  follows: 

Castings: 

Ultimate  tensile  strength 65  000  pounds  per  square  inch, 

Yield  point 32  000  pounds  per  square  inch , 

Elongation 25  per  cent. 

Forgings: 

Ultimate  tensile  strength 70  000  poimds  per  square  inch, 

Yield  point 35  000  pounds  per  square  inch, 

Elongation 28  per  cent. 

Hot-rolled  or  extruded  bronze : 

Ultimate  tensile  strength 68  000  pounds  per  square  inch. 

Yield  point 27  000  pounds  per  square  inch, 

Elongation 30  per  cent. 

Tensile  strength  of  brass  rivet  rods  shall  be  not  less  than  50  000  pounds  per  square 
inch. 

Yield  point  not  less  than  20  000  pounds  per  square  inch. 

Elongation  not  less  than  32  per  cent. 

After  being  forged  into  a  bar,  rolled,  forged  or  extruded  bronze  shall  stand,  first, 
hammering  to  a  fine  point;  second,  bending  cold  through  an  angle  of  120^  to  a  radius 
equal  to  the  thickness  of  the  bar,  without  showing  signs  of  fracture. 

All  forged,  extruded,  or  rolled  bronze  shall  be  subjected  to  test  with  a  scleroscope, 
and  if  hardness  is  found  materially  exceeding  that  tj^pical  of  hot-worked  metal,  the 
bronze  shall  be  rejected  or  annealed  promptly,  as  directed. 

The  present  general  specifications  for  brass  (1915)  are  as  follows: 

Composition  by  Percentage 


Copper 

Tin 

Iron 

Lead 

Zinc 

59-62 
59-62 
57-61 

0. 6  max. 
.2  max. 
.2  max. 

0.5-1.25 
.5-1.25 

Rem. 

0.5-2.0 

Rem. 

Minimum  Physical  Requirements  for  Hot-Rolled,  Extruded,  and  Annealed  Material 


Yield 
point 


Ultimate 
etTength 


Elonga- 
tion 


Muntz  metal 

Naval  brass 

Manganese  bronze 


Ibs./ln.s 
20  000 
22  000 
27  000 


Ibs./in.: 
50  000 
56  000 
68  000 


Per  cent 


32 
32 
32 


Drawn  Material  Not  Annealed 


Muntz  metal 

Naval  brass 

Manganese  bronze 


25  000 

50  000 

30  000 

60  000 

35  000 

70  000 

25 
25 
25 


For  sheets  and  tubing  the  required  minimum  elongation  shall  be  5  per  cent  less  than 
given  in  the  table.  All  material  shall  stand  being  bent  cold  through  an  angle  of  120° 
and  to  a  radius  equal  to  its  diameter  or  tliickness.     Bars  shall  stand  being  hammered 
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hot  to  a  fine  point.  Scrap  shall  not  be  used  in  the  manufacture  except  such  as  comes 
from  the  same  composition  made  in  the  same  mill.  The  material  shall  be  free  from  all 
injurious  defects,  and  shall  be  clean,  smooth,  and  straight  and  of  uniform  quality  and 
size.  Unless  otlierwise  specially  permitted,  all  bars  shall  be  extruded  or  hot  rolled 
and  not  subsequently  drawn  or  cold  rolled.  The  straightening  of  hot-worked  material 
sliall  be  done  by  simple  bending,  not  accompanied  by  compression  between  two  oppo- 
site rolls.  Plates  shall  be  hot  rolled,  except  that  sheets  less  than  one-fourth  inch 
may  be  cold  rolled  and  annealed.  All  hot-rolled  material  shall  be  tested  with  the 
seleroscope,  and  if  the  hardness  is  found  to  exceed  materially  that  typical  of  hot- 
worked  metal  the  rods  shall  be  annealed. 

Drawn  and  unannealed  material  shall  be  tested  for  initial  strain.  In  case  of  material 
gne-fourth  inch  or  more  in  thickness  this  test  shall  be  made  by  measurement.  When 
so  tested  the  maximum  strain  shall  not  exceed  0.002  inch  in  a  length  of  4  inches.  The 
test  specimen  shall  be  5^^  inches  long. 

After  the  length  has  been  measured  the  test  specimen  shall  be  cut  down  for  a  length 
of  4  inches,  as  follows:  Bars  shall  be  ttuTied  to  one-third  of  the  original  diameter. 
Flats  shall  be  machined  to  one-third  the  original  width  and  thickness  and  plates  and 
tubing  to  one-third  the  original  thickness.  The  length  shall  tlien  again  be  measured. 
The  difference  between  the  two  measurements  shall  be  regarded  as  the  maximum 
initial  strain. 

Bars  shall  be  measured  at  three  marked  equidistant  points  on  the  circumference; 
flats  and  plates  at  two  points,  one  at  each  edge.  Test  pieces  of  plates  shall  be  2  inches 
in  width.  Each  measurement  shall  be  the  average  of  five  observations  at  each  meas- 
uring point.  In  testing  tubing  the  entire  section  shall  be  used,  one-third  of  the  thick- 
ness being  turned  off  on  the  outside  and  one-third  bored  out  on  the  inside.  Sheets  and 
tubing  less  than  one-fourth  inch  in  thickness  shall  be  tested  by  immersion  in  a  saturated 
solution  of  merciu'ic  chloride  for  one  hour,  and  then  kept  under  observation  for  two 
weeks.  If  cracks  appear  during  this  test,  tlie  initial  strain  shall  be  regarded  as  exces- 
sive. When  doubt  exists  the  specimen  shall  be  slightly  bent  to  open  cracks.  Test 
pieces  subjected  to  this  test  shall  be  $^4  inches  long  and  2  inches  wide. 

3.  SPECIFICATIONS  OF  THE  ENGINEER'S  DEPARTMENT  OF  THE  CITY 
OF  MINNEAPOLIS  FOR  BRASS  BOLTS  AND  STRAINER  PLATE 

specification  no.  1 

Extracts  from  Specifications  for  Strainer  Plates  for  Repairs  to  Filters, 
City  of  Minne.'U'olis,  Minn. 


Sec.  3.  Quality 

All  strainer  plates  shall  be  made  of  Tobin  bronze  No.  14,  Birmingham  wire  gage, 
having  a  tensile  strength  of  at  least  62  000  pounds  per  square  inch  and  an  elongation 
of  not  less  than  25  per  cent  in  8  inches,  with  an  elastic  limit  of  at  least  one-half  the  ulti. 
mate  tensile  strength .  When  cold,  the  sheets  must  be  capable  of  being  bent  180°  flat 
on  themselves  without  fracture  on  the  outside  of  bent  portion.  All  strainer  holes  shall 
be  Yi  inch  in  diameter  and  shall  be  drilled  or  punched  before  the  plates  are  bent  to 
the  required  shape.  The  plates  shall  butt  at  their  ends  and  sides,  and  therefore  must 
be  smooth  and  true  on  all  edges.  All  plates  must  be  so  made  or  cut  as  to  give  the 
greatest  strength  in  a  longitudinal  direction.  All  hook  bolts  and  ribs  must  be  made 
of  Tobin  bronze,  meeting  the  same  requirements  as  to  physical  properties  as  above 
mentioned  for  the  plates.  The  ^-inch  round  anchor  rods  may  be  made  of  a  good 
quality  of  brass,  phosphor  bronze  or  Tobin  bronze,  the  latter  being  preferred. 
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Sec.  4.  Damaged  Material 

Should  any  piece  of  the  above  material  become  damaged  in  any  way  either  in  han- 
dling or  shipment  in  transit  or  before,  it  will  be  rejected  and  shall  be  removed  from  the 
work  and  another  piece  substituted  immediately  at  the  expense  of  the  contractor. 

Sec.  5.  Guarantee 

The  contractor  shall  guarantee  all  material  to  be  as  specified  and  each  piece  of  Tobin 
bronze  must  be  marked  "Tobin  bronze"  with  the  name  of  the  firm  maniilacturing 
the  same,  the  letters  to  be  at  least  yi  inch  in  height  and  plainly  stamped  in  the  metal. 
Failure  to  do  this  will  be  sufficient  reasons  for  rejection. 

Sec.  6.  Rejection 

An  inspector,  appointed  by  the  city  engineer,  may,  under  instructions  and  direc- 
tions from  the  city  engineer,  inspect  and  supervise  the  work  and  material  at  the  shop 
and  see  that  the  stipulations  of  the  plans  and  specifications  are  faithfully  performed. 
Tests  shall  be  made  under  his  personal  supervision  wherever  he  so  requires,  and  the 
contractor  shall  furnish  him  with  all  the  proper  tools,  specimens,  appliances,  and 
labor  necessary.  The  passing  of  such  inspection  shall  not  release  the  contractor  from 
his  contract,  and  the  material  may  be  rejected  at  any  subsequent  period  if  found 
defective  in  any  way.     *    *    * 

SPECIFICATION  NO.  2 

EXTR.\CTS  FROM  SPECIFICATIONS  FOR  STR.\INER    PL-ATES    FOR    NEW   FILTERS,  MlNNE- 

.\P0Lis,  Minn.,  1914 


Sec.  2.  Workmanship  and  Materials 

The  workmanship  must  be  first  class  in  all  respects,  and  the  materials  the  best  of 
their  respective  kinds,  and  if  at  any  time  an)-  piece  of  work  is  deemed  by  the  city 
engineer  or  his  lawful  representative  to  be  defective  it  shall  be  removed  from  the 
work  immediately  and  be  replaced  by  one  acceptable  to  the  city  engineer.  The  cost 
of  doing  so  must  be  borne  by  the  contractor  with  no  additional  expense  to  the  cit>-. 

Sec.  3.  Quality 

All  strainer  plates  shall  be  made  of  Tobin  bronze  No.  14,  Birmingham  wire  gage, 
having  a  tensile  strength  of  at  least  62  000  pounds  per  square  inch  and  an  elongation 
of  not  less  than  25  per  cent  in  8  inches,  with  an  elastic  limit  of  at  least  one-half  the 
ultimate  tensile  strength.  When  cold,  the  sheets  must  be  capable  of  being  bent 
180°  flat  on  themselves  without  fractiu-e  on  the  outside  of  bent  portion.  All  strainer 
holes  shall  be  ^  inch  in  diameter  and  shall  be  drilled  or  punched  before  the  plates 
are  bent  to  the  required  shape.  The  plates  shall  butt  on  their  ends  and  sides,  and 
therefore  must  be  smooth  and  true  on  all  edges.  All  plates  must  be  so  made  or  cut  as 
to  give  the  greatest  strength  in  a  longitudinal  direction.  All  anchor  bolts  and  ribs 
must  be  made  of  Tobin  bronze,  except  as  hereinafter  provided.  The  anchor  bolts 
must  meet  the  same  requirements  as  to  physical  properties  as  above  mentioned  for 
the  plates.  The  ribs  may  be  cast  and  when  so  made  must  be  capable  of  witlistaud- 
ing  a  unit  tensile  stress  of  at  least  42  000  pounds  per  square  inch  without  fracture. 
The  ^-inch  round  anchor  rods  may  be  made  of  a  good  quality  of  brass,  phosphor 
bronze  or  Tobin  bronze,  the  latter  being  preferred.  All  cast-iron  base  plates  must 
be  made  from  the  best  quality  of  gray  pig  iron,  cough  and  even  grained,  and  shall 
possess  a  tensile  strength  of  at  least  20  000  pounds  per  square  inch.  Specimen  test 
bars  of  tlie  cast  iron  used,  each  26  inches  long  by  2  inches  wide  and  i  inch  thick,  shall 
be  made  without  charge  as  often  as  the  engineer  may  direct,  and  in  default  of  definite 
instructions  the  contractor  shall  make  and  test  at  least  one  bar  from  each  heat  or  nm 
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of  metal.  The  bars  when  placed  flatwise  on  supports  24  inches  apart  and  loaded  at 
the  center  shall  support  a  load  of  2200  pounds  and  show  a  deflection  of  not  less  than 
0.35  of  an  inch  before  breaking,  or,  if  preferred,  tensile  bars  shall  be  made  which 
will  show  a  breaking  point  of  not  less  than  20  000  pounds  per  square  inch.  Bars  to 
be  cast  as  nearly  as  possible  to  the  dimensions  without  finishing,  liut  corrections  may 
be  made  by  the  engineer  for  variation  in  width  and  thickness,  and  the  corrected  residt 
must  conform  to  above  requirements. 

Sec.  4.  Defects  in  Castings 

Castings  must  be  clean  and  perfect  without  blow  or  sand  holes  or  defects  of  any 
kind.     No  plugging  or  other  stopping  of  holes  will  be  allowed. 

Sec.  5.  Connecting  Rods 

The  contractor  shall  furnish  all  connection  rods  for  the  base  plates  as  per  plans 
accompanying  these  specifications.  AH  connecting  rods  shall  be  made  from  the  best 
quality  of  double-refined  iron  or  steel  and  the  threads  are  to  be  standard  tap-bolt 
threads  to  fit  the  taps  in  the  base-plate  castings,  one  end  being  threaded  left  and  the 
other  right-hand  thread. 

Sec.  6.  Damaged  Material 

Should  any  piece  of  the  above  material  become  damaged  in  any  way  either  in 
handling  or  shipment  in  transit  or  before,  it  will  be  rejected  and  shall  be  removed 
rom  the  work  and  another  piece  substituted  immediately  at  the  expense  of  the 
contractor. 

Sec.  7.  Guarantee 

The  contractor  shall  guarantee  all  material  to  be  as  specified  and  each  piece  of  Tobin 
bronze  must  be  marked  "Tobin  bronze"  with  the  name  of  the  firm  manid'acturing 
the  same,  the  letters  to  be  at  least  yi  inch  in  height  and  plainly  stamped  in  the  metal. 
Failure  to  do  this  will  be  svifficient  reasons  for  rejection. 

Sec.  8.  Rejection 

An  inspector,  appointed  by  the  city  engineer,  may,  under  instructions  and  direc- 
tions from  the  city  engineer,  inspect  and  supervise  the  work  and  material  at  the  shop 
and  see  that  the  stipulations  of  the  plans  and  specifications  are  faithfully  performed. 
Tests  shall  be  made  under  his  personal  supervision  wherever  he  so  requires,  and  the 
contractor  shall  furnish  him  with'  all  the  proper  tools,  specimens,  appliances,  and 
labor  necessary-.  The  passing  of  such  inspection  shall  not  release  the  contractor  from 
his  contract,  and  the  material  may  be  rejected  at  any  subsequent  period  if  foimd 
defective  in  any  way.     *    *     * 


PHOTOGRAPHS  AND  PHOTOMICROGRAPHS 

TABLE  10 

Photographs  and  Photomicrographs 


Fig. 
No. 


B.  S. 

speci- 
men 


14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
2S. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45, 
46. 
47, 
48, 
49 
50 
51 
52 
53 
54 
55 


3 

11 

19 

28 

41 

50 

60 

94 

109 

134 

136 

158 

159 

161 

172 

185 

187 

189 

193 

195 

197 

204 

22 

22 

34 

34 

41 

41 

49 

67 

78 

83 

83 

85 

85 

116 

125 

129 

129 

136 

136 

140 


Mag- 
nified 


2 

2 

2 

2 

2 

2 

IJ 

2 

4 

2 

2 

2 

2 

2 

2 

2 

2 

1 

1 

2 

1 

2 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 


Etching 


Am-OH-2. 
Am-OH-2. 
■Am-OH-2. 
■Am-OH-2. 
Am-OH-2. 
■Am-OH-2. 
■Am-OH-2. 
■Am-OH-2. 
■Am-OH-2. 
■Am-OH-2. 
■Am-OH-2. 
■Am-OH-2. 
.Am-OH-2. 
■Am-OH-2. 
•Am-OH-2. 
■Am-OH-2. 
■Am-OH-2. 
•Am-OH-2. 
■Am-OH-2. 
•Am-OH-2. 
■Am-OH-2. 
.Am-OH-2. 
■Am-OH-1 
•Am-OH-1 
•Am-OH-1 
-Am-OH-1 
•Am-OH-1 
■Am-OH-1 
■Am-OH-1 
■Am-OH-1 
-Am-OH-1 
-Am-OH-1 
■Am-OH-1 
-Am-OH-1 
-Am-OH-1 
-Am-OH-1 
-Am-OH-1 
-Am-OH-1 
-Am-OH-1 
Am-OH-1 
Am-OH-1 
Am-OH-1 


Position 
of  area 
photo- 

graplied 


Edge. 

Center. 

Edge. 

Center. 

Edge. 

Center. 

Do. 

Do. 

Do. 
Edge. 
Center. 
Edge. 
Center. 
Edge. 
Center. 
Edge. 
Center. 
Edge. 
Center. 

Do. 


Fig. 
No. 


B.S. 
speci- 
men 

Mag- 
nified 

156 

50 

158 

50 

159 

50 

159 

50 

160 

50 

160 

50 

161 

50 

161 

50 

166 

50 

166 

50 

167 

50 

167 

50 

168 

50 

172 

50 

175 

50 

181 

50 

181 

50 

184 

50 

184 

50 

187 

50 

187 

50 

189 

25 

189 

25 

193 

25 

195 

50 

195 

50 

197 

25 

204 

50 

204 

1000 

201A 

400 

211 

25 

235 

100 

247 

100 

31 

35 

34 

20 

38 

35 

47 

20 

78 

50 

112 

20 

138 

20 

131 

20 

Etching 


Cu-Am-OH-1. 
Cu-Am-OH-1. 
Cu-Am-OH-1. 
Cu-Am-OH-1. 
Cu-Am-OH-1. 
Cu-Am-OH-1 
Cu-Am-OH-1. 
Cu-Am-OH-1 
Cu-Am-OH-I 
Cu-Am-OH-1. 
Cu-Am-OH-1 
Cu-Am-OH-1 
Cu-Am-OH-1. 
Cu-Am-OH-1 
Cu-Am-OH-1 
Cu-Am-OH-1. 
Cu-Am-OH-1 
Cu-Am-OH-1 
Cu-Am-OH-1. 
Cu-Am-OH-1 
Cu-Am-OH-1 
Cu-Am-OH-1. 
Cu-Am-OH-1 
Cu-Am-OH-1. 
Cu-Am-OH-1 
Cu-Am-OH-1 
Cu-Am-OH-1 
Cu-Am-OH-1 
Cu-Am-OH-1 
NH40H  +  HiO; 
NHi0H+H20! 
NHjOH+H.Oa 
Na,OH+HjOi 
Cu-Am-OH-1. 
Cu-Am-OH-2. 
Cu-Am-OH-1. 
Cu-Am-OH-1. 
Cu-Am-OH-1. 
Cu-Am-OH-1. 
Cu-Am-OH-1. 
Cu-Am-OH-1. 


Position 
of  area 
photo- 
graphed 


Center. 

Do. 
Edge. 
Center. 
Edge. 
Center. 
Edge. 
Center. 
Edge. 
Center. 
Edge. 
Center. 

Do^ 

Do. 

Do. 
Edge. 
Center. 
Edge. 
Center, 
Edge. 
Center. 
Edge. 
Center. 

Do. 

Edge. 

Center. 

Do. 

Do. 


At  fissure. 
Head. 
At  fissure. 


71 


72  Technologic  Papers  of  the  Bureau  of  Standards 

INITIAL  STRESS  DIAGRAMS 

TABLE  11 
List  of  Initial  Stress  Diagrams 


Fig.  No. 

Material 

Remarks 

Fig.  No. 

Material 

Remarks 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

3 

32 

43 

67 

74 

92 

136-2 
135-24 
135-50 
136-51 
135-a 
136-6 

As  received. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
2^-liicli  specimen. 
10-inch  specimen. 
Bored  out. 
Aimealed  one  hour  at  400  **  C. 

109 

110 

Ill 

112 

113 

114 

115 

116. 

117 

118 

119 

120 

214-1 
214-2 

157 
160 
164 
167 
168 
173 
174 
182 
199 
204 

As  received,  turned  down. 
As  received,  bored  out. 

J)o. 
As  received. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Note. — in  all  of  the  initial  stress  diagrams  are  plotted  as   abscissas,  diameters  squared  in  square 
inches,  as  ordinates  initial  fiber  stresses  in  pounds  per  square  inch. 
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FAILURE  OF  BRASS.    2.— EFFECT  OF  CORROSION  ON 
THE  DUCTILITY  AND  STRENGTH  OF  BRASS 


By  Paul  D.  Merica,  Associate  Physicist 


INTRODUCTION 

Investigation'  during  the  last  few  years  has  established  the 
fact  that  brass  will  crack  or  fracture  when  exposed  to  the  action 
of  corroding  agents,  while  at  the  same  time  under  tensile  stress, 
even  when  the  value  of  this  stress  is  much  less  than  the  ultimate 
strength  or  even  the  yield  point  of  the  material,  as  determined  in 
the  tensile  test.  It  is  well  knowrt  that  surface  corrosion  plays  an 
important  part,  even  a  necessary  one,  in  the  "season  cracking" 
of  brass,  and  Jonson '  has  carried  out  a  number  of  experiments, 
in  which  he  has  subjected  brass  test  specimens  to  tensile  stress  in 
a  testing  machine,  the  specimens  being  at  the  same  time  im- 
mersed in  a  solution  of  concentrated  ammonium  hydroxide.  He 
found  that  so  long  as  the  applied  stress  in  these  tests  was  not 
greater  than  the  elastic  limit  of  the  material,  the  specimens  did 
not  fail,  but  when  a  stress  was  applied  greater  than  this  Hmit — 
e.  g.,  from  20  000  to  40  000  poimds  per  square  inch — cracks 
would  appear  after  a  few  days,  the  specimen  would  yield  con- 
tinually and  finally  break. 

The  effect  of  corrosion,  at  least  of  that  caused  by  the  action 
of  ammonium  hydroxide,  on  brass  under  stress,  be  it  initial  or 
due  to  external  load,  is  to  decrease  the  strength  and  also  the 

*  E.  Heyn,  Internal  Stresses  in  Cold-Wrought  Bars,  and  Some  Troubles  Caused  Thereby,  J.  Inst. 
Metals,  12,  1914,  p.  3:  A.  D.  Flinn,  Brass  in  Engineering  Construction,  Engineering  Record,  68.  1913,  p. 
527;  P.  D.  Merica  and  R.  W.  Woodward,  The  Failure  of  Structural  Brass,  Trans.  Amer.  Inst.  Metals, 
1915- 

*  E.  Jonson,  Failures  of  Forgible  Brass  Bars,  Trans.  Amer.  Inst.  Metals,  8,  1914,  p.  135;  The  Fatigue 
of  Copper  Alloys,  Proc.  Amer.  Soc.  Test.  Materials,  40,  1915,  p.  101. 
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ductility  of  the  material,  for  it  is  a  striking  feature  of  such  brass 
failures  as  occur,  due  to  combined  stress  and  corrosion,  that  they 
occur  with  Uttle  elongation;  the  brass  does  not  display  its  usual 
ductiUty.  Parallel  to  his  stress-corrosion  tests,  Jonson  ran  ten- 
sile tests  on  specimens  of  the  same  materials,  subjecting  them  to 
the  same  loads,  but  not  at  the  same  time  to  the  action  of  the 
ammonium  hydroxide;  such  specimens  did  not  fail  after  months 
of  test.  Fvuthermore,  specimens  were  corroded  with  ammonium 
hydroxide  and  subsequently  tested  in  tension,  giving  quite  nor- 
mal results,  such  that  it  must  be  considered  that  it  is  the  simul- 
taneous effect  or  action  of  tensile  stress  and  corrosion  (ammonium 
hydroxide)  which  produces  failure  in  brass  at  stresses  below  its 
ultimate  strength. 

It  ma}'  here  be  noted  that  Jonson  used  only  ammonium  hydrox- 
ide in  his  tests;  he  draws  the  conclusion,  however,  that  any  cor- 
roding agent,  even  water,  will  in  time  produce  the  same  effect  of 
cracking.  The  admissibiUty  of  tliis  further  conclusion  seems 
probable,  but  is  not  to  be  regarded  yet  as  proven. 

The  author  wishes  to  advance  an  explanation  for  this  rather 
striking  phenomenon,  of  the  combined  action  of  tensile  stress 
and  corrosion  on  brass,  indicating  the  actual  manner  or  "mecha- 
nism" by  which  this  effect  is  produced,  in  the  hope  that  this 
explanation  will  contribute  to  progress  in  dealing  with  this  im- 
portant technologic  problem. 

The  initial  effect  of  corrosion  on  any  metal,  stressed  or  un- 
stressed, is  to  roughen  the  surface,  such  that  in  section  it  appears 
with  ridges  or  furrows.  This  nonuniform  action  of  the  corroding 
agent  is  due  to  slight  variations  of  the  electrolytic  (solution)  po- 
tential over  the  original  (smooth)  sirrface;  in  the  case  of  a  non- 
homogeneous  alloy  such  as  an  alpha-beta  brass — tj'pe,  60  per 
cent  copper  and  40  per  cent  zinc — a  difference  of  potential  would 
in  general  exist  between  the  alpha  and  the  beta  constituents.  If 
the  corroded  bar  were  under  tensile  stress,  the  value  of  the  fiber 
stress  at  the  surface  would,  theoretically  at  least  for  a  very  long 
bar,  be  the  same  at  all  points;  tliis  can  no  longer  be  true,  however, 
of  the  roughened  surface. 

Leon''  has  shown  that  the  stress  at  the  bottom  of  a  semicircular 
notch,  in  a  tensionally  stressed  bar,  is  twice  that  of  the  average 
stress  for  the  section,  and  that  for  sharper  notches  tlie  stress 
might,  at  least  for  hard  rubber,  be  as  much  as  five  times  the  aver- 

•  Leon,  Cber  die  Spannnesverteilung  in  einer  halbkreisformisen  Kerbe,  Osterreichische  Wochenschrift 
iiir  den  offentlicben  Baudienst,  29,  p.  43;  1908. 
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age  stress.  The  stress  at  the  free  edges  of  tlie  notch  is  under  such 
circumstances  practically  zero.  The  fiber  stress  along  the  rough- 
ened surface  will  therefore  vary  in  value  between  zero,  at  the 
top  of  the  small  ridges,  and  a  value,  at  the  bottom  of  the  furrows, 
much  larger  than  that  of  the  average  stress. 

Now  the  electrolytic  potential  of  a  metal  or  alloy  is  increased'' — 
i.  e.,  made  more  electropositive — by  the  application  of  a  stress. 
The  results  of  some  measurements  and  further  discussion  of  this 
effect  of  stress  on  the  solution  potential  will  be  given  below,  under 
the  next  heading. 

It  is  therefore  e\'ident  that  after  the  formation  of  the  furrowed 
or  roughened  surface  on  the  brass  specimen  under  tension,  the 
emf  will  be  greater  at  the  bottom  of  the  small  nicks  or  notches 
than  on  the  side  of  these  notches  immediately  adjacent.  Corro- 
sion will  therefore,  other  things  being  equal,  be  more  severe  at  the 
bottom  of  these  notches  than  elsewhere,  and  the  notches  will 
grow  inward,  becoming  sharper  and  sharper,  quite  in  contrast  to 
their  behavior  when  uncorroded,  since  in  a  ductile  material  such 
notches  tend  to  flatten  or  smooth  out  under  tension,  thus  reducing 
the  local  fiber  stresses  at  these  points. 

In  fact,  Heyn^  finds  that  the  behavior  of  a  notch  in  a  bar 
under  tensional  stress  distinguishes  brittle  from  ductile  material. 
The  notch  in  a  ductile  material  tends  to  smooth  out,  whereas  in 
the  brittle  material  it  becomes  sharper  and  narrower  under  ten- 
sion, finally  causing  fractiu-e.  Thus,  the  effect  of  corrosion  under 
stress  is  to  favor  the  growth  and  narrowing  down  of  cracks  and  to 
cause  an  apparent  brittleness  of  the  brass. 

MEASUREMENT  OF  THE  ELECTROLYTIC  POTENTIAL  OF  BRASS  UNDER 

STRESS 

The  increase  of  electrolytic  emf  of  a  simple  metal  to  a  solution 
(containing  ions  of  the  same  metal)  due  to  the  application  of  a 
stress  may  be  calculated  °  from  the  consideration  that  the  in- 
crease of  emf  of  a  system  is  proportional  to  the  increase  of  free 
energy,  and  that  for  isothermal,  reversible  processes  the  increase 
of  free  energy  of  a  system  is  equal  to  the  amount  of  work  done  on  it. 
The  application  of  stress  of  values  below  the  true  elastic  limit  is  a 
reversible  process  and  can  be  carried  out  isothermally.     Consid- 

^  C.  Hambuechen.  The  Corrosion  of  Iroil,  Bull.  Univ.  Wisconsin,  No.  8, 1900;  T.  Richards  and  Behr,  The 
EMF  of  Iron  Under  Various  Conditions.  Publ.  Carnegie  Inst..  No.  61,  1906. 

^  E.  Heyn,  Materialienktmde,  p.  376. 

'Walker  and  Dill,  The  Effect  of  Stress  on  the  ElIF  of  Soft  Iron,  Trans.  Amer.  Electrochem.  Soc,  7, 
p.  153;  1907- 
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ering,  for  the  purpose  of  simple  and  approximate  calculation, 
that   brass   is   a   simple   metal   of  equivalent   weight   equal   to 

63  +  65^ 
2x2       -^  ' 

a  stress  of  25  000  pounds  per  square  inch,  applied  isothermally 
to  a  brass  rod,  having  a  modulus  of  elasticity  of  15  X  10  "  pounds 
per  square  inch,  and  a  density  of  8,  should  produce  an  increase 
of  emf  equal  to 

work  (in  ergs)     equivalent  weight  X   io~' 
density  96  500 

2S  000  2S  000  1000  X  980  , 

—^2 .  X ^^ X X  32  X  iQ-' 

=         2  15  000  000  14.2 

96  500  X  8 
=  0.000006  volt; 

with  greater  stresses  and  after  plastic  yielding  had  commenced, 
an  increase  of  2  millivolts  might  be  obtained,  assuming  that  one- 
half  of  the  energy  of  deformation  is  potentialized. 

Some  measurements  have  been  made  of  these  quantities,  with, 
however,  contradictory  results.  Hambuechen  (loc.  cit.)  finds  for 
brass — composition  of  the  brass  and  of  the  electrolyte  not  stated — 
an  increase  of  0.3  milHvolt  at  the  elastic  limit,  and  an  increase  of 
about  4  millivolts  at  the  point  of  rupture.  For  iron  and  steel  he 
finds  much  larger  values.  Both  Walker  and  Dill  and  Richards 
and  Behr,  on  the  other  hand  (loc.  cit.),  come  to  the  conclusion 
that,  although  there  is  an  increase  in  the  emf  of  iron  (they  did  not 
work  with  other  metals)  caused  by  application  of  stress  up  to  and 
beyond  the  elastic  limit,  it  is  so  small  as  to  defy  measurement;  they 
explain  Hambuechen's  results  on  iron  as  hav-ing  been  due  to  the 
hydrolysis  of  the  ferric  salt,  which  he  used  as  electrolyte. 

In  the  measurements  made  by  the  author  use  was  made  of  two 
electrodes  of  the  same  material,  and  in  the  same  condition;  one  of 
these  could  be  stressed,  the  other  ser\'ed  as  a  comparison  electrode, 
measurement  being  made  in  each  case  of  the  difference  of  potential 
between  the  two.  These  were  immersed  side  by  side,  in  a  solution 
contained  in  a  large  glass  tube,  with  stopper  at  the  bottom,  the 
solution  being  contained  between  a  layer  of  paraffin  below  (to 
which  was  sometimes  added  a  slight  amount  of  carbon  tetra- 
chloride) and  a  layer  of  a  transformer  oil  above ;  these  precautions 
were  taken  to  prevent  oxygen  from  the  air  from  affecting  the  emf. 
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The  arrangement  is  shown  in  the  sketch,  Fig.  i ;  the  potential 
measurements  were  made  by  a  potentiometer.  It  was  found 
necessary  to  protect  the  electrodes  from  light  during  measure- 
ments, by  wrapping  black  cloth  around  the  container. 

The  material  used  in  the  tests  was  a  homogeneous  alpha  brass 
of  the  following  composition : 


Per  cent 

Copper 67.5 

Zinc 32.  5 

Tin 


Per  cent 

Lead o.  06 

Iron o.  02 

Manganese 


Bfressed  electrode  (  a  ) 


eleetr«lyt« 


parafflne 


This  material  was  most  kindly  fur- 
nished by  the  American  Brass  Co.,  in  the 
form  of  one-fourth  inch  rods.  Before 
the  tests,  this  material  was  annealed  at 
400°  C  for  an  hour  in  order  to  relieve  any 
initial  stress,  and  the  surface  thereupon 
prepared  by  light  rubbing  with  fine  emery 
paper,  followed  by  etching  with  nitric 
acid,  washing  and  drying. 

The  test  procedm'e  consisted  in  placing 
the  specimens  in  position,  with  the  elec- 
trode (a)  under  zero  stress,  noting  from 
time  to  time  the  emf  between  (a)  and  (b) , 
then  applying  a  stress,  in  units  of  10  000 
pounds  per  square  inch,  again  noting 
during  a  certain  period  of  time  the  emf, 
removing  the  stress,  noting  the  emf,  re- 
applying the  stress,  etc.  The  results  of 
these  measurements  are  best  studied  in 
the  form  of  a  curve,  giving  the  emf  as  a 
function  of  the  time,  a  change  of  stress 
being  noted  on  the  cm-ve.  Two  such 
curves  showing  typical  results  obtained 
are  given  in  the  Figs.  2  and  3. 

It  is  seen  that  there  is  a  small  but 
unmistakable  increase  in  the  emf,  due  to 
the  appHcation  of  stress,  and  that  this  becomes  relatively  quite- 
large,  in  Fig.  2,  when  the  yield  point  of  the  brass  is  reached. 

It  is  now  to  be  noted  that  when  a  bar  of  metal  is  subjected  to  a 
tensile  stress  a  lowering  of  temperature  takes  place,  and  this 
lowering  of  temperatmre  itself  produces  a  momentary  change  in 


Fig. 


.  —  Disposition  of 
electrodes 
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emf,  which  often  masks  the  permanent  one;  this  effect  can  be 

noticed  in  the  curves,  and  it  is  for  this  reason  that  the  author 

adopted  the  method  of  holding  the  specimen  at  a  constant  stress 

for  some  time,  and  noting  the  emf,  instead  of  using  Hambuechen's 

method  of  continually  increasing  the  stress  during  the  course  of 

the  measurements. 

CONCLUSIONS 

It  is  believed  that  an  increase  in  emf  of  alpha  brass  to  solutions 
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Fig.  2. — The  emf  of  stressed  to  unstressed  brass  in  a  solution  #/  Njio  CuSOiZnSOi. 
The  +  sign  indicates  thai  the  bar  under  stress  is  electropositive  to  the  comparison 
electrode 

containing  zinc  and  copper  ions,  caused  by  the  application  of 
tensile  stress,  has  been  indicated  and  measured.  This  amounts 
to  about  0.2  miUivolt  for  20  000  pounds  per  square  inch  (below  the 
elastic  limit)  and  to  about  i  millivolt  at  the  yield  point  of  the  mate- 
rial, 30  000  pounds  per  square  inch.  This  value  is  apparently 
much  greater  than  would  be  calculated  for  elastic  stresses  from 
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Fig.  ^.  —  The  enif  of  stressed  to  unstressed  brass  in  a  solution  of  N  ZtiSOt.     The  +  indi- 
cates that  the  stressed  bar  is  electropositive  to  the  comparison  electrode 

thermodynamic  considerations;  it  agrees  well  with  values  calcu- 
lated for  stresses  above  the  elastic  Hmit.  The  author  does  not 
wish  at  present  to  discuss  this  divergence  otherwise  than  to  point 
out  that  the  emf  measinred  may  be  that  at  some  point  of  the 
surface,  e.  g.,  at  the  bottom  of  a  small  notch,  where  the  fiber  stress 
is  much  greater  than  the  average ;  in  that  case  these  results  could 
be  brought  into  agreement  with  thermodj^namic  theory. 
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An  explanation  is  given  of  the  effect  of  corrosion  on  brass  under 
stress,  in  decreasing  the  ductility  and  strength,  and  which  is  based 
upon  this  fact  of  the  increased  enif  and  therefore  corrodibility 
of  brass  under  stress.  At  the  bottom  of  small  furrows  in  the  rough- 
ened surface  the  stress  is  greater  than  at  ridges  immediately 
adjacent;  a  galvanic  couple  is  formed,  and  the  bottom  of  the 
furrow  only  is  corroded,  forming  in  time  a  crack,  wliich  becomes 
narrower  and  sharper  as  it  penetrates  inward,  finally  so  reducing 
the  cross  section  that  fracture  occurs. 

This  conception  of  the  cause  of  the  embrittling  effect  of  corroding 
agents  on  brass  under  stress  is  borne  out  by  the  examination  of 
samples  which  have  been  subjected  to  Jonson's  test.  In  such 
samples,  not  one  but  several  fissures  appear,  narrowing  down  and 
becoming  microscopically  fine  as  they  penetrate  farther  and  farther 
into  the  interior  of  the  specimen.  It  may  be  noted  in  this  connec- 
tion that  these  fissin^es  appear  to  favor  the  beta  constituent  and 
to  avoid  the  alpha  in  a  brass,  such  as  manganese  bronze,  contain- 
ing both  of  these. 

The  question  as  to  why  brass  should  be  so  susceptible  to  this 
effect,  and  not  also  iron  and  steel  (apparently,  at  least), can  not  at 
present  be  adequately  answered,  not  indeed  until  further  investi- 
gation has  considerably  increased  our  knowledge  concerning  the 
values  of  the  stress-emf  effect  in  these  materials,  the  relative 
significance  of  this  effect  in  comparison  with  other  local  emf's 
(due  to  oxide  and  slag  inclusions,  etc.) ,  the  effect  of  the  covering 
of  corrosion  product  formed,  and  other  points. 

Apparently  the  effect  produced  by  corroding  solution  having  a 
low  conductivity  will,  other  things  being  equal,  be  greater  than  that 
of  one  of  high  conductivity,  since  it  allows  greater  prominence 
to  those  local  stress  emf's  between  portions  of  the  material  imme- 
diately adjacent.  It  is  known,  for  example,  that  nitric  acid  does 
not  produce  cracking  in  initially  overstressed  brass  in  the  manner  in 
which  ammonium  hydroxide  or  mercurous  nitrate  or  chloride 
does. 

Washington,  July  12,  1916. 
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FAILURE  OF  BRASS.    3.— INITIAL  STRESS  PRODUCED 
BY  THE  "  BURNING  IN  •*  OF  MANGANESE  BRONZE 


By  Paul  D.  Merica,  Associate  Physicist,  and  C.  P.  Karr,  Associate  Physicist 


INTRODUCTION 

The  present  investigation  has  been  made  in  connection  with  the 
failure  of  a  number  of  manganese  bronze  valve  castings  in  the 
Catskill  Aqueduct  (New  York),  failures  which  are  described  briefly 
by  A.  D.  Flinn,  of  the  New  York  Board  of  Water  Supply,  as 
follows :  '■ 

*  *  *  Until  the  spring  of  191 5  castings  were  believed  to  be  immune  from  troubles, 
excepting  those  incident  to  foundry  work  and  of  the  kinds  which  might  occur  in  any 
metal.  Since  then,  however,  a  number  of  castings  from  at  least  three  different  found- 
ries producing  manganese  bronze  have  been  foimd  cracked.  All  of  these  castings, 
before  acceptance,  had  been  subjected  to  hydrostatic  test  pressures  of  200  or  300 
pounds  per  square  inch,  for  a  half  hour  or  more,  and,  of  course,  appeared  to  be  satis- 
factory at  the  time  of  preliminary  acceptance.  Some  months  later,  after  having  been 
placed  in  the  structures,  some  of  these  castings  leaked  under  pressures  of  only  a  few 
pounds.  In  some  castings  the  cracks  have  grown  longer  as  time  has  elapsed,  and  in 
some,  with  the  passage  of  time,  additional  cracks  have  been  discovered.  These  cracks 
are  line,  and  often  difficult  to  detect  on  the  surface  until  the  casting  is  put  under 
hydrostatic  pressure.  In  most  cases,  indeed,  in  nearly  all,  these  cracks  appeared  to 
be  close  to  or  in  a  repair  made  by  the  method  of  burning  in.     *    *    * 

The  castings  referred  to  above  are  quite  large,  up  to  22000 
pounds  in  weight,  such  that  neither  preheating  of  the  casting  for 
the  welding  or  burning  in  of  defective  areas,  nor  subsequent  anneal- 
ing of  the  whole  casting  could  be  conveniently  carried  out.  As 
a  result  of  the  local  heating  of  welding  and  consequent  luiequal 
contraction  of  different  constrained  parts  of  the  casting,  stresses 
remained  in  the  casting,  particularly  severe  near  and  within  the 

*  A.  D.  Flinn,  Some  Experiences  with  Brass  in  Civil  Engineering  Works,  Trans.  Amer.  Inst.  Metals, 
6;  1915. 
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bumed-in  areas;  these  stresses  were  in  all  probability  responsible 
for  the  subsequent  failure  at  these  points. 

The  determination  of  the  values  of  such  stresses,  in  the  case  of 
castings  of  manganese  bronze,  in  correlation  with  the  physical 
properties  and  structure  of  this  material  as  welded  or  burned  in 
seemed  desirable. 

THE  MEASURESIENT  AND  CALCULATION  OF  STRESS 

For  the  investigation  of  these  stresses  a  form  of  casting,  shown 
in  Figs.  I  and  2,  was  chosen.  It  is  a  double-bar  frame,  the  two 
crossbars,  A  and  B,  ha\'ing  sections  of  area  i  by  i  inch  and  3  by 

3  inches,  respectively,  and  being  connected  by  hea\'y  and  stiff 
ends,  AI  and  N.  The  inside  length  from  a  to  6  (Fig.  i)  of  the  bars 
was  about  9  inches. 

A  portion  of  the  bar  A ,  varying  from  '  ^  to  2  inches  in  length, 
was  removed  by  sawing  and  replaced  by  burning  in  with  the  same 
material,  care  being  taken  to  keep  the  bar,  B,  cool  during  the 


\\\\\\\w 

a\\\W 

1 

N^^u\; 

^^ 

Fig.  2. — Form  of  casting  used  in  burning-in  experiments 

operation.  The  pouring  gate  for  the  burning  in  was  then  sawed 
off,  gauge  points  placed  just  inside  of  a  and  b,  and  readings  taken 
with  a  strain  gauge  before  and  after  sawing  through  A ,  outside  of 
the  gauge  point,  at  either  a  or  b.  Knowing  the  elastic  modulus 
of  the  material  and  the  contraction  over  the  8-inch  gauge  length, 
a  direct  calculation  gives  the  value  of  the  stress  in  the  bar  A . 

Some  interest  attaches  to  the  method  by  which  the  welding 
was  accompUshed.  In  all  cases  the  casting  was  placed  on  its  side 
and  embedded  in  green  sand,  a  pit  was  then  hollowed  out  by  hand 
around  the  severed  ends  of  A ,  such  as  to  expose  these  ends,  and 
the  bar  from  3^  to  i  inch  back,  and  to  allow  a  small  channel  way, 
from  it  to  yi  inch  wide  around  the  bar  at  these  ends.  The  sand 
was  here  built  up  slightly  and  a  hollow  iron  cylinder,  about  4 
inches  high,  set  over  this  pit,  thus  pro\ading  a  sufficient  pouring 
head.  It  was  found  necessary  to  preheat  the  ends  to  be  welded, 
not  only  by  means  of  a  torch  but  also  by  making  a  small  reservoir 
in  the  sand  directly  under  the  burning-in  pit,  separated  from  it 
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Fig.  I. — Castinq  used  in  Ike  hitrnhuj-in  expcrinunts 


Fig.  3. — Grain  structure  of  section  through  burned-in  zone.     Etched  with 
ammoniacal  copper  chloride.     \i 


Fig.  4. — ( Jutside  uf  t>urned-in  zone 


l'ir,_  5. — W  ithin  hurned-iu  zone 


Figs.  4  and  5. — Microstruclurc  of  bumcd-in  hron:e  casting.     EtcJied  with  ammonium 

hydroxide.     Ysioo 
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b)^  sheet-iron  plates,  and  pouring  hot  metal  into  this  reserv^oir 
immediately  before  burning  in.     No  flux  of  any  kind  was  used. 

The  molten  metal  was  first  poured  into  this  reser\'oir,  then  into 
the  pit,  completely  enveloping  the  ends  and  filling  the  pouring 
head. 

In  order  to  be  certain  that  the  bar,  B,  of  the  casting  was  actually 
kept  cool  during  the  operation,  this  part  was  in  several  instances 
water-cooled  while  the  weld  was  made.  This  was  done  by  boring 
a  I -inch  hole  longitudinally  through  the  center  of  B,  attaching 
pipe  and  hose  and  running  water  through  during  the  operation 
of  burning  in. 

The  material  used  was  that  of  a  large  scrapped  manganese 
bronze  casting,  kindly  furnished  by  the  New  York  Board  of  Water 
Supply,  of  the  following  composition : 


Percent. 

Copper 58.  5 

Zinc 39.  I 

Tin 1.0 


Per  cent. 

Lead Trace. 

Iron 1.4 

Manganese None. 


This  method  gave  uniformly  sound  welds,  as  will  be  seen  from 
Figs.  3. 

TABLE  1 

Stresses  Produced  by  the  Burning  In  of  Manganese  Bronze 


Casting 

Length  of 
bar  A,  re- 
moved and 
burned  in 

Tensile  stress  meas- 
ured after  burning  in 

Lbs./in.2 

Kg/cm  = 

232a        

Inch 
0.25 
.50 
.50 
.50 
.50 
2.0 
2.0 

9600 

m 

9200 
8500 
8500 
6400 
8500 

680 

232b                                  ..           ....             .          .                    

640 

Z32c 

232d : 

600 

232e '  

600 

232f 

450 

232g< 

600 

2  Weld  not  sound. 

'  This  casting  was  locally  annealed  as  described  below  before  the  stress  determination  was  made. 

*  In  this  case  the  part  B  of  the  casting  was  cooled  with  running  water  as  described  above. 

Table  i  gives  the  values  of  the  tensional  stresses  found  in  the 
bar  A  of  the  various  castings  tested. 

It  is  now  not  difficult  to  make  an  approximate  calculation  of 
the  tensile  stress  in  the  bar  A,  which  should  result  from  the 
burning  in. 
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Let         E  =  the  modulus  of  elasticity  of  the  material  (in  tension) , 
E'  =/,  {E,  geometry-  of  object  to  be  burned  in)  =the  recip- 
rocal of  the  fractional  elongation  per  unit  stress, 
between  a  and  6,  of  the  frame,  M  B  N 
I    =  the  distance  from  a  along  A  toward  b 
L  =  the  distance  a  b 

S  =the  resultant  unit  stress  along  A,  due  to  burning  in. 
At  the  moment  of  burning  in — i.  e.,  of  the  solidification  of  the 
bumed-in  metal — the  temperature  distribution  along  A  is  given 
by 

(1)  t  =  cl>{l) 
and 

(2)  l  =  '^{t),  gives  the  equation  of  linear  expansonof  the  material. 

Then  in  cooling  down  to  room  temperature,  20°  C,  a  change  of 
length  will  occur  between  a  and  b,  equal  to 

AL  =  —  (amount  of  thermal  contraction)  +  (elastic 
elongation  due  to  the  constraint  by  the 
bar  5) 
also 

=  —  (elastic  contraction  due  to  the  constraint 
hyA) 


"J     . 


(0 

dl        LS 

dt^'  +  -W 


= 

LS 

'      E' 

Therefore, 

LS 
E'' 

LS 
E 

LS 
E'' 

LS 
E 

(3)  -9^  =  ^-    I     dl  I        fdt 


(4)  -^=^-  I  di\    rmt 


6         «y2o  < 


dt 


The  assumption  has  been  made  that  at  every  moment  during  cool- 
ing of  the  bar  A  the  resulting  stresses  have  been  below  the  elastic 
Hmit  of  the  material.  The  equation  (4)  gives  the  general  case 
and  can  not  be  solved  unless  <p{l)  and  ypit)  are  known.  Assuming 
that  the  coefficient  of  Hnear  expansion  is  constant — i.  e.,  does  not 
vary  with  the  temperatiu-e — and  equal  to  a,  and  that  a  length  of 
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bar  A,  equal  to  d,  was,  at  the  moment  of  solidification  of  the 
metal,  at  the  melting  point  of  the  metal,  about  900°  C,  the  equa- 
tion (4)  reduces  to 

L^-8Soad=-L^, 
E  E' 

An  approximate  calculation  of  the  stiffness  of  the  frame  M  B  N — 
i.  e.,  the  heavy  bar  and  ends — gives 


L 
E 


Hi^k) 


(considering  the  ends  M  and  A''  as  beams) 
Therefore, 

„      jgioEad 
ioL+9 
Assuming  that 

£  =  15X10'  pounds  per  square  inch. 

a  =0.00002 

L  =  9  inches. 

d=  1.5  inches. 

5  =  36  000  pounds  per  square  inch. 

One  should  expect,  then,  a  tensile  stress  of  about  36  000  pounds 
per  square  inch  for  every  inch  of  metal  burned  in  in  these  tests. 
There  results,  actually,  a  stress  of  from  8000  to  10  000  pounds 
per  square  inch,  irrespective  of  whether  '4  inch  or  2  inches  of  the 
bar  A  were  burned  in.  This  indicates,  of  course,  that  at  some 
temperature  the  resulting  stress  becomes  greater  than  the  elastic 
limit  of  the  material,  and  the  material  yields  thenceforth,  the  stress 
following  (with  probably  some  time  lag)  the  elastic  limit  of  the 
material,  such  that  the  stress,  as  measured,  one  or  two  days  after 
burning  in,  represents  the  true  elastic  limit  of  the  material. 

PHYSICAL  PROPERTffiS  AND  MICRO  STRUCTURE  OF  BURNED-IN  BRASS 

A  tensile  test  was  carried  out  on  a  specimen  from  the  bar  A  of 
No.  232g,  and  gave  the  following  results: 

Ultimate  strength ,.,..,„_,  ,.^  ,...,.  .60  000  lbs. /in. ^  (4220  kg/cm^) 

Proportional  limit .^. .  /. 13  000  Ibs./in.^  (920  kg/cm^) 

Modulus  of  elasticity .:.,..,..•, 15.4X10"  Ibs./in.-  (i.iXio"  kg/cm-) 

Elongation  in  5  inches ',..". 19.4  per  cent. 

Reduction  of  area 26.0  per  cent. 

The  fracture  occurred  outside  of  the  welded  area,  but  not  at 
the  juncture  of  the  original  and  the  welded-in  portions,  and  the 
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welded-in  section  of  the  test  piece  was  harder  and  less  elongated 
than  the  original  material.  The  fracture  showed  only  a  few 
minute  flaws;  it  may  be  accepted,  therefore,  that  the  true  elastic 
limit  of  the  material  was  somewhat  below  the  proportional  limit  in 
this  case. 

Consideration  of  the  microstructure  of  the  bumed-in  metal 
affords  an  explanation  for  its  greater  hardness.  Fig.  3  shows  the 
grain  structure  within  and  without  the  welded-in  area  of  the 
specimen  232c.  It  is  seen  that  the  central  welded  portion  is  of 
much  finer  grain  than  the  original  material,  as  cast,  on  either  side, 
and  the  transition  from  Vv-elded  to  original  structure  is  ver}-  abrupt. 
In  Figs.  4  and  5  are  shown  the  microstructures,  inside  and  outside, 
respectively,  of  the  bumed-in  zone.  The  structures  are  those  of 
normal  manganese  bronze,  there  being  no  difference  in  the  two 
other  than  that  of  size  of  grain.  No  CA'idence  of  overheating  or  of 
bturning  out  of  the  zinc  near  the  juncture  of  the  zones  was  noted. 
These  results  may  be  compared  instructively  with  those  obtained 
by  Camevali,"  on  similar  alloys,  in  which  the  welding  was  done  by 
means  of  the  oxy-acetj-lene  flame.  In  this  case  a  burning  out  of 
the  zinc  took  place  at  the  juncture  of  the  weld.  It  is  not  surprising 
to  find  such  differences  in  the  results  by  the  two  methods,  as  greater 
opportunity  for  oxidation  and  overheating  is  given  by  the  use  of 
the  oxy-acetylene  process. 

The  bar  A  of  casting  232h,  with  2  inches  burned  in,  was  brushed 
over  continually  with  a  solution  of  merciurous  nitrate  for  about 
two  weeks,  but  showed  at  the  end  of  that  time  no  fissures  or  sign 
of  failure. 

A  small  portion,  about  6  inches,  of  the  bar  A  of  the  casting 
2326  was  wound  with  Xichrome  wire  and  the  bar  A  thus  locally 
annealed  at  a  temperature  of  300°  C  for  about  one  hour.  The 
stress  in  the  part  A  remained  unchanged  bj^  this  treatment.  It 
may  be  noted  that  if  it  is  wished  to  relieve  the  stresses  in  .4  by 
some  "heat  treatment"  affecting  it  only,  the  part  B  being  kept 
at  the  ordinary  temperature,  the  part  A  should  be  cooled  50°  or 
100°  instead  of  being  heated. 

CONCLUSIONS 

The  experiments  described  have  indicated  how  readily  severe 
stresses  may  be  introduced  into  a  casting  by  the  burning  in  or 
welding  of  a  "constrained"  area  or  portion  of  it.     The  form  of 

'  F.  Camevali.  Autogeneous  Welding  of  Copper  and  its  Alloys.  J.  Inst.  Metals.  8.  p.  282:  1912. 
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casting  used  in  these  experiments  was  such  that  no  bending  or 
distortion,  tending  to  relieve  the  stresses,  was  possible  during 
cooling,  and  this  must  be  borne  in  mind  in  applying  these  results 
to  the  consideration  of  the  effect  of  burning  in  of  more  complicated 
shapes,  where  such  distortion  does  occur. 

In  the  spherical  shell  or  dome-shaped  valve  castings  of  the  New 
York  Board  of  Water  Supply,  for  instance,  burned  in  would  tend 
to  flatten  the  shell,  and  in  so  doing  partially  reheve  these  stresses, 
and  it  is  most  difficult  to  calculate  the  stresses  in  such  a  case. 
The  authors  are  inclined  to  believe  that  even  in  these  cases  local 
stresses  of  values  equal  to  the  true  elastic  limit  must  have  been 
produced  and  which  would  account  for  subsequent  failure. 

The  conclusions  to  be  drawn  therefore  are: 

1 .  That  the  welding  in  of  constrained  portions  of  castings  (forg- 
ings,  wrought  articles,  etc.,  naturally,  as  well)  of  manganese 
bronze,  produces,  in  general,  local  initial  tensional  stresses  within 
and  near  the  burned-in  zone,  of  value  equal  to  the  true  elastic 
limit  of  the  material  unless  the  shape  of  the  casting  is  such  that 
extensive  distortion  may  occur. 

2.  That  such  castings  should  therefore  be  either  preheated  care- 
fully for  welding,  such  that  all  parts  of  the  casting  cool  down 
together  from  a  dull  red  heat  or  the  casting  should  be  subsequently 
annealed.  Experience  "  indicates  that  a  low  temperature  anneal 
is  sufficient  for  this  purpose — e.  g.,  from  400  to  500°  C  (760°  to 
940°  F) — for  from  one  to  two  hours.  Either  of  these  precautions 
should  eliminate  these  local  stresses  resulting  otherwise  from  the 
burning  in  and  should  produce  castings  free  from  danger  of  sub- 
sequent cracking. 

The  authors  wish  to  express  their  appreciation  of  helpful  sug- 
gestions received  in  conference  and  correspondence  with  Messrs. 
A.  D.  Flinn,  S.  W.  Miller,  and  others. 

Washington,  July  12,  1916. 

^  p.  r>.  Merica  and  R.  W.  Woodward.  Failure  of  Brass,  i. — Microstructure  and   Initial  Stresses  in 
Brasses  of  the  Type  60  per  cent  Copper  and  40  per  cent  Zinc,  B.  S.  Tech.  Paper  No.  82. 
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